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ABSTRACT

Fischer 344 rats were exposed to 100, 33 or 10 ppm of ethylene oxide vapor
(EO) by the inhalation route for 6 hours per day, 5 days per week for approxi-
mately two years. Two air control groups were exposed under gimilar conditions.
Whole body exposures were conducted in a dynamic exposure system where the vapor
concentration levels were determined by gas chromatography. Initially, 120 rats
per sex per group were exposed, and at each ¢-month interval a portion of the
animals was sacrificed to determine possible treatment-related effects. Interim
evaluations included hematology, serum clinical chemistry, urinalysis, body
weight, organ weight, bone marrow cytogenetic, and gross and histologic ’
examinations.

Under the exposure conditions of the study, inhalation of EO resulted for
one or both sexes in a depression of body weight gain and an increase in
mortality at 100 and at 33 ppm of EO but not at the 10 ppm level. At the 6-,
12-, and 18-month sacrifice intervals, there were no consistent patteras of
association of any alteration in urinalysis or hematology or serum clinical
chemistry or organ weight with histologically confirmed organ damage. However,
a slight depression in erythrocyte count and hemoglobin value in the female rats
of the 100 ppm group was noted after 12 months. Skeletal muscle atrophy was
present in the 100 ppm exposure group at the final sacrifice interval.

At the final sacrifice interval, histologic findings confirmed hematologic
evidence that exposure to EO resulted in an increased prévalence of mononuclear
cell leukemia. The prevalence of this neoplasm in the females was™
dosage-related and increased for each of the three exposure concentrations. The
prevalence of other neoplasms was increased as demonstrated by the greater
number of rats with more than 2 neoplasms; this was noted also in each of the
three exposure concentrations for the female rats. Furthermore, in both the 100
and 33 ppm exposure groups, the number of female rats with malignant neoplasms
was increased. The frequency of peritoneal mesothelioma was treatment-related
in the male rats exposed to 100 or 33 ppm of EO. The normal incidence of
pituitary adenoma appeared to be accelerated in the female rats exposed to 100
ppm of EO. While the incidences of mononuclear cell leukemia, peritoneal
mesothelioma and pitultary adenoma in the air control rats were similar to those
reported in the literature, the possible contribution of any interaction between
EO exposure and sialodacryloadenitis viral outbreak (during the 15th exposure
month) 1is unknown.

/// To conclude, biologically significant adverse effects were observed at all
concentrations tested.
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METHODS

Test Material

The test material, liquid ethylene oxide (CAS No. 75-21-8), that was used
for the entire study, was received from Union Carbide Corporation (UCC) on April
25, 1977 with a UCC identification number 7INC45,G581. This material was
assigned the Chemical Hygiene Fellowship (CHF) Sample Number 40-163. The liquid

ethylene oxide (EQ) was contained in a 55-gallon drum, which had been filled

from a tank car (#GATX84731) loaded with refined ethylene oxide. The production
site of the EO was Union Carbide Corporation, Seadrift, Texas.

Liquid Ethylene Oxide Chemical Analysis

Based on initial chemical analyses, it was determined by Union Carbide
Corporation that the test material was representative of UCC commercial grade
ethylene oxide.

Liquid ethylene oxide was chemically analyzed periodically during the study
at the Research and Development Department, UCC, South Charleston, West
Virginia. The UCC maximum commercial specifications and results of the chemical
analyses of the test material are presented in Table 1. Other than the water
content of the samples, dated March 31, 1976 and April 23, 1977, all analyses
were within the maximum commercial specifications throughout the entire study.

At the initiation of the study, the chloride content of the ethylene oxide
was measured by UCC at the Institute Plant Laboratory, South Charleston, West
Virginia, Table 2. The organic chToride compounds were identified as ethyl
chloride, ethylene chlorohydrin, ethylene dichloride and vinyl chloride. These
organic compounds were identified by gas liquid chromatography. The chloride
content of each compound was calculated. The total of these calculated
values, 10.1 ppm, agreed with the total chloride content, 10.1 ppm, of the EO as
determined by a Dohrmann Chloride Analyzer.

Ethylene Oxide Sample Storage

The storage drum in which the EO was shipped was kept in a sheltered area
outdoors for the duration of the study. An aliquot from the storage drum
(approximately 5 1bs) was transferred to a stainless steel cylirnder by using
nitrogen gas pressure to force the liquid through the stainless steel connecting

- lines. The cylinder was then attached to the generation system.

Ethylene Oxide Vapor Generation

The stainless steel cylinder containing EC was maintained at approximately
35°C by means of a constant temperature bath. - The EO vapor pressure at that
temperature was utilized to move the gas through a stainless steel gas line and
a pressure-reducing regulator. Manifolds of stainless steel tubing directed the
vapor from the gas line through a control valve and a flowmeter to the chamber
air-inlet duct. There, EO was diluted and mixed with room air and drawn into
the respective inhalation chambers. At the end of each exposure day, the gas
line and manifold system were purged with nitrogen gas.
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. Table 2
Chloride Content of Liquid Ethylene Oxide Used in the 2-Year Inhalation Study

Calculated

Material oOrganic Chloride Content!l Chloride Content
(ppm, W/v)* ' (ppm C1-, w/v)?
Organic Compound

Ethyl chloride 12.2 o 6.7
Ethylene chlorohydrin’ 3 1.3
Ethylene dichloride 2 , 1.4
Vinyl chloride 1.3 0.73

lpefermined by gas liquid chromatography (gle)

270 converf from w/v to v/v: multiply by reciprocal of the density of the
organic chloride at 20°C, i.e.,

(w/v value) x 1 = (v/v value)
density at 20°C

WPC/1080-7
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inhalation Chamber Room

All chambers were located in Room No. 138. Presented in Figure 1 1is a
schematic of this room showing the chambers and generation system. The animals
were exposed in the chambers during the day and were kept in this same room
overnight. No EO could be detected by gas chromatography in the exposure room
when all animals were removed from the chambers. Even in the room space
adjacent to the 100 ppm animal cage carriers, no EO could be detected after
exposure. :

Inhalation Exposure Chambers

Five identical chambers, rectangular in shape, each had a volume of approxi-
mately 3800 liters with internal dimensions of 2.1 meters long, 2.0 meters high
and 0.9 meters wide. The chambers were stainless steel-lined and contained
glass windows fort animal observation. Inside each chamber, a delivery duct,
with holes equidistantly spaced, was mounted on one of the walls and extended
lengthwise along the top. An identical duct for chamber exhaust was located
near the floor of the chamber directly beneath the inlet duct. Artificial light
from the room was the only source of light in the inhalation chamber. Each
chamber held two carriers with animal cages.

Ethylene Oxide Vapor Distribution and Temperature Variation Within Inhalation
Chambers

During a preliminary study in which rats were exposed in the chamber, a
multi-point analysis of the chamber atmosphere for EO was performed. The
results of the chemical distribution (Appendix I, Table A-1) indicated that the
generation/exposure system produced an atmosphere containing EO in the breathing
zone of all animals that was approximately + 7% of the mean concentration for
all the sampling points within the chamber and could be reproduced daily. Each
point where temperature was measured within the chamber did not vary by more
than approximately + 11% from the mean of all points (Appendix I, Table A-2).
Hence, during the exposure, the chamber atmosphere was sampled for EO from the
middle of the chamber, between the two animal cage carriers; the chamber
temperature and humidity were determined near the front of the chamber. Both
locations were representative of the areas in which animals were placed.

Chamber Airflow

In a preliminary study, it was found that a chamber airflow of approximately
3,000 liters per minute (approximately 47 air changes per hour) adequately
reduced, in all areas of the chamber, the temperature which was caused by the
body temperature of the animals.

Recording of Chamber Temperature, Humidity and Airflow Rate

During each 6-hour exposure, chamber temperature, relative humidity and
airflow rate were recorded approximately S times a day.
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Ethylene Oxide Vapor Concentration Determination

All chambers, including both control chambers, were monitored for EO concen-
tration by means of a Perkin Elmer 3920B gas chromatograph (GC). Pertinent
information regarding the operating conditions of the GC is presented in
Appendix I, Table A-3. An automatic sampling and recording system connected to
the GC acquired the sample and recorded the data on a printer and on magnetic
tape. A known primary standard concentration of ethylene oxide was sampled
several times before the start of daily chamber analysis to check the monitoring
system. Furthermore, during each cycle of chamber analyses, the same standard
was re—analyzed. Approximately 7 samplés were analyzed from each chamber each
day. Conversion of part per million, ppm (expressed as volume/volume), to

pg/M3 1s 1 ppn = 1.8 mg/M> (25°C and 760 mm Hg) .

Selection of Target Chamber Concentrations

The goal of the study was to establish the concentration levels which would
result in a no ill-effect level and a minimum-effect level. The minimum-effect
level is one which is expected to result in some significant biological effect,
such as reduced body weight change, but to have minimal or no effect on the life
span of the animals. s :

1t was agreed by the Ethylene Oxide Steering Committee that the EO exposure
levels would be 100, 33 and 10 ppm of EO. Justifications for these exposure.
levels are as follows:

Eigh—EO-Concentzation Level: In a preliminary inhalation study at this
laboratory, it was observed that 8 weeks of exposure to either 150 or 100 ppm of
EO resulted in statistically significant geduction of body weight change in male
and female Fischer 344 rats. These data agreed with the results of a 6-month
inhalation study on rats performed by Hollingsworth, et al., 1956.

Also noted during the B8-week exposure to 150 ppm of EO in male and female
rats were statistical differences in hemoglobin concentration and in kidney
weight expressed as a percentage of body weight. This was not observed at the
lower concentration levels of 100 or 50 ppm. Even though there were no deaths
in the 150 ppm exposure level, because of the degree of depression of body
weight gain (i.e., when compared to the control, male body weight gain was
depressed 16% and female weight gain was depressed 29%), it was judged that the
survival rate at 150 ppm exposure would be significantly affected in the chronic
study. Hollingsworth, et al., reported that an appreciable number of rats died
during 6 months of exposure to 204 ppm of EO, but no deaths were reported for 6
months of exposure to 113 ppm of EO. Consequently, 100 ppm of EO was chosen as
the high-concentration level for the chronic study.

Intermediate-EOQ-Concentration Level: Based on unanswered questions raised
by particular regulatory agencies on the health safety of EO inhalation .
exposure, it was felt that the Threshold Limit Value of 50 ppm (TLVs®. Threshold
Limit Values for Chemical Substances in Workroom Air Adopted by American
Conference of Governmental Industrial Hygienists, 1976) might be lowered in the
future. Consequently, the intermediate-concentration jevel was chosen to be 33

ppm, 1/3 of the high-concentration level.
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Low-EO-Concentration Level: Based on preliminary experiments, it was.
believed that an exposure concentration below 10 ppm would be difficult to
maintain at a stable level throughout the study. Therefore, 10 ppm, 1/10 of the
high-concentration level, was selected as the low-concentration level.

Air Control Groups: It was decided that two separate groups of animals
would be subjected to the same inhalation exposure regimen as the EO-treated
animals, but these animals would be exposed to room air only. These two groups
would serve as independent air-control groups. The purpose of having two
control groups was to allow for better assessment of the variability in this
study between non-chemically treated groups of animals.

Exposure Regimen

Animals were exposed to room air or ethylene oxide vapor for 6 hours a day,
5 days a week for approximately 2 years. The first exposure was on April 27,
1977, and the last exposure was on June 6, 1979, for a total of 525 exposures.
The 4 days in April, 1977 (April 27 through 30) together with the whole month of
May were considered the first exposure month. The duration of all subsequent
exposure months was based on the calendar month. There was a total of
approximately 25 exposure months before the study was terminated. The only
extended non-exposure period during this study was for two weeks. This occurred
in the 15th exposure month during the acute clinical phase of a virus infection
(Refer to section in the Results on Sialodacryoadenitis Virus Infection). All
other interruptions in exposure were for short periods of time (approximately
one day or less) and were because of a national holiday or an equipment failure.

Exposure to the vapor began each day at approximately Z:30>a{m.; the flow of
ethylene oxide was shut off at the chamber 6 hours later. The animals were then
left in the chamber for at least 30 minutes before they were removed.

Animals

Fischer 344 rats (F344/Mai £BR), which is an inbred strain, were obtained
from Microbiological Associates, Walkersville, Maryland. These animals were
barrier sustained, Caesarian originated. The shipment of rats was transported
to this laboratory in an envirommentally controlled truck which arrived on
April 13, 1977.

Quality Control: Immediately upon arrival and during a 2-week quarantine
period, the general health status of the rats in the shipment was assessed by
evaluating 5 male and 5 female rats which were randomly selected. The following
parameters were evaluated: feces for intestinal parasites; nasal pharynx and
lung for aerobic bacteriologic flora; blood for viral antibodies and parasites;
and urine for urinary tract parasites. Furthermore, blood hematologic and
clinical chemistry determinations, urinalysis, ophthalmologic examinations,
gross necropsy and histopathologic examinations were performed. The findings of
the quality control examinations were within usual limits for commercially
available specific pathogen-free rats and, therefore, the rats were determined
to be of suitable quality. for the long-term inhalation study.




Report 44-20
Page 8

Animal Identification: All animals were {ndividually numbered by using com-
bined toe-clipping and ear-notching methods. Each animal of the same sex was
given a different number . Listed on each cage card were the identification
aumbers for the animals within the cage. Each exposure group had cage cards
that were color-coded to indicate the exposure concentration.

Group Assignment and Number of Animals per Group: Before random selection
of the rats into groups, all animals were weighed at least 3 times. Animals
were removed from the stock group if the rat was not gaining weight normally, if
abnormal clinical observations were noted, or if the body weight at the time of
the random selection into groups was above or below two standard deviations from
the mean for all animals of that sex. '

Each group contained 120 rats of each sex, making a total of 240 rats per
level or 1200 rats for the entire study. The groups were designated and will be
named in this report as follows: 100 ppm group, 33 ppm zroup, 10 ppm group, Air
Control I (also indicated as CI, 0-1 or O ppm~I) and Air Control II (CII, O~II
or 0 ppm-II). 1In addition, a group of male and female rats was retained to be
used for subsequent cytogenetic studies. '

Animal Husbandry

Food and Water: During the non-exposure period, Wayne Lab-Blox F-6® feed,
Allied Mills, Inc., Chicago, Il1linois, and water were available ad libitum. All
feed was removed from the cage, and tap water was drained from the water system
of the cage carriers before each exposure.

Lighting, Temperature and Relative Humidity: The artificial fluorescent
lighting was~on a 12-hour 1ight and 12-hour dark cycle (approximately 5:30 a.m.
to 5:30 p.m.). When the animals were in the room, the temperature and humidity
controlling devices of the non-recirculated air supply to the room were set to

maintain the environment between 68 and 72°F and 40 to 60% relative humidity.

Caging and Rotation of the Cages: Animals were housed 5 rats per sex per
cage. The dimension of each stainless steel wire mesh cage was approximately 15
inches wide, 14 inches deep and 7 inches tall. These cages were kept on stain-
less steel animal cage carriers. The rats were housed in the same cages during
exposure and non—exposure periods.

A stainless steel shelf pan was placed between each level of cages to
prevent urinary and fecal contamination of animals on lower tiers. These pans
were in place during the exposures. After each exposure, clean pans with
absorbent paperboard (Deotized Animal Cageboard®, The Upjohn Co., Kalamazoo,
Michigan) were placed on the carriers. Before exposure, the absorbent
paperboard was removed. :

To equalize any minor differences within the chamber even though undetected
in enviromnment or concentration of ethylene oxide, all cage positions were
rotated on a weekly basis. At the time of rotation, the animals were
transferred to clean cages and animal cage carriers.
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Observations and In-Life Laboratory Studies

Animal Observations: During the six-hour exposure, a portion of the animals
was observed several times daily through the chamber windows. However, most
changes in general health status were better observed for all animals
immediately before and after the exposure. At each weekly transfer of the
animals to clean cages and at each weighing and palpation interval, significant
changes in health status were also noted.

Once a month, a more in-depth observation and recorded frequency table of
clinical observations were made on 20 rats of each sex from the 100 ppm group
and 10 rats of each sex from each of the two air control groups. These rats
were randomly selected, and the same ones were followed throughout the study.
Special attention in this monthly in-depth clinical observation was given to
noting the possible presence of the toxicologic effects previously reported by
Hollingsworth, et al., 1956 and Jacobson, 1956. The monthly examination
included the evaluation of the presence of the following: reddish-brown fur
around the neck, pilo-erection, emaciation, lacrimation, salivation, nasal
discharge, conjunctivitis, soft stool, hypopnea, dyspnea, apnea, kyphesis,
ataxia, abnormal muscle contractions, abnormal hind-quarters 1ift reflex,
abnormal righting reflex, irritable behavior and hypoactivity.

Body Weight Determinatioms: All animals were weighed the day before the
first exposure. This weight was considered the pre-exposure reference weight
and was subtracted from each subsequent weight determination to obtain a change
in body weight value. Body weights were measured weekly through the first 3
months of exposure, every 2 weeks from 3 through 6 months and monthly
thereafter.

Palpation for Abnormal Tissue Masses: At each body weight determination
interval, all animals were visually examined for abnormal tissue masses. From
the 12th exposure month to the end of the study, all rats were given a more

- in~depth examination, including palpation at monthly intervals.

Ophthalmologic Examination: Prior to each sacrifice interval, the animals
to be sacrificed were examined with the use of an indirect ophthalmoscope.
Dr. Roy W. Bellhorn, D.V.M., a veterinary ophthalmologist, was the examiner at
each observation interval. All observations were performed immediately
following an exposure. One drop of a mydriatic, Mydriacil®, 0.5 percent, (Alcon
Laboratories, Inc., Fort Worth, Texas) was instilled in each eye prior to
examination.

Sampling Frequency and Number of Animals for Urinalysis, Hematology, Blood
Coagulation Time Determination .and Serum Clinical Chemistry: The appropriate

bioclogical samples for each examination were collected from the animals to be
sacrificed before each of the scheduled necropsy intervals. The number of rats
sampled for each examination was 10, 10, 20 and 20 per sex per group for the 6-,
12-, 18- and 24-month sacrifice intervals, respectively. [Note: Blood
coagulation time determination was not performed at the final sacrifice
interval.]
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Urine Collection and Urinalysis: At approximately 6:00 a.m., the animals
were placed one per cage in metabolism cages for urine collection. Urine was
collected for approximately 1.5 hours. The samples were not pooled.

The following parameters were determined in the routine urinalysis by using
a dipstick method of analysis (N-Multistix®, Ames Division, Miles Laboratories,
Inc., Elkhart, Indiana): pH, protein, glucose, ketone, bilirubin, occult blood,
nitrite and urobilinogen. The color, turbidity and volume were recorded, and
specific gravity was determined using a refractometer. Meaningful volumetric
data could not be obtained because of the short collection period.

For the microscopic examination of urine sediment, all significant findings,
including identification of certain types of crystals, cells and microorganisms,
were recorded.

' Blood Sample Collection: Immediately following urine collection, the same
animals were lightly anesthetized by the inhalation of methoxyfluorane (Meto-
phane®, Pitman-Moore, Inc., Wash;ngton'Ctossing, New Jersey). Blood was
obtained from the retro-orbital sinus by the use of a capillary tube. Ome drop
of blood was placed on a microscope slide for determination of blood coagulation
time. The blood sample collected for hematologic evaluation contained
ethylenediaminetetraacetic acid (Vacutainers®, Becton-Dickinsoun, Rutherford, New
Jersey). The blood sample collected for clinical chemistry was allowed to clot.
The serum was submitted for analysis. All blood samples were collected within
two hours and promptly analyzed.

Hematologic Evaluation: Blood samples were submitted for the following
routine hematologic determinations using a Coulter Counter (Model ZBI)®: red
blood cell count, mean corpuscular volume, hematocrit, hemoglobin and total
white cell count. Mean corpuscular volume, mean corpuscular hemoglobin and mean
corpuscular hemoglobin concentration were calculated from the above data. The
white blood cell differential counts were manually obtained by microscopically
ijdentifying 100 leukocytes in a stained blood smear. The appropriate samples
were taken and saved for future possible evaluation of reticulocyte count and
bone marrow smear differential count.

Blood Coagulation Time Determination: Immediately after collecting a drop
"of blood on a cleaned microscope slide, a needle was passed through the drop
until fibrin strands were observed. The time of first appearance of the fibrin
strands was recorded.

Serum Clinical Chemistry: The following analyses were performed on a
Centrifichem 300F® (Union Carbide Corporation): hydroxybutyric dehydrogenase,
alkaline phosphatase, creatine phosphokinase, lactic dehydrogenase, aspartate
‘aminotransferase, alanine aminotransferase, calcium, glucose, urea nitrogen,
creatinine, cholinesterase, total protein, albumin, hemoglobin, gamma
glutamyltransferase and total bilirubin. Hemoglobin concentration of the serum
was determined to indicate the possible degree of hemolysis.
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Cytogenetic Studies

Microscopic examination of chromosomes for quantification of chromosomal
aberrations was performed on a portion of the animals that were submitted for
necropsy at the 6-and 12-month sacrifice intervals. Slides were prepared from
10 rats per sex (and 5 rats per sex from a positive control) at the 18-month
sacrifice interval for possible future studies if warranted.

Chromosome preparations were made from the bone marrow of the left femur of
sacrificed rats in Air Control groups I and II, a group injected with triethy-
lenemelamine (served as positive control), and from the the animals exposed to
the three respective coacentrations of ethylene oxide. An attempt was made to
examine the chromosomes of 50 cells per rat, from 10 rats per sex exposed to 100
ppu of ethylene oxide, 5 rats per sex in each air-control group and from the
positive control group. Detailed methods for these studies are outlined in the
Standard Methods section of Appendix IV.

Necropsy

Ten rats per sex per level were necropsied at the $- and 12-month sacrifice
intervals and twenty rats per sex per level at the 18-month interval. All
remaining rats were necropsied at the final sacrifice. All rats to be
necropsied were anesthetized with methoxyfluorane and sacrificed by
exsanguination. Because of the number of animals and the extensive laboratory
testing and necropsy procedures, not all animals of one sex could be sacrificed
within one day. To lessen the chances of day-to-day biological or experimental
variablity from biasing the results, the same number of randomly selected
animals per sex from each group was sacrificed each day, when possible. The
order in which the animals were bled and sacrificed is the same order in which
the data are presented in each table, so that day-to-day variation, if present,
could be detected. Furthermore, to lessen the chances of adding another
possible variable (recovery) into the evaluation, each scheduled sacrifice began
after two consecutive daily exposure periods. The only exception to this was
the final sacrifice.

A complete gross dissection and evaluation were performed on each sacrificed
animal and on all animals which were found dead or moribund. The following
organs were weighed from the scheduled sacrificed animals: 1liver, kidneys,
spleen, adrenals, brain and testes (right and left separately).

Histopathologic Examination

Tissues were fixed in 10% neutral buffered formalin. The required tissues
were processed, sectioned and stained with hematoxylin and eosin for
histopathologic examination. Refer to the histopathologic reports in the
Appendix for a listing of what tissues were examined and for a thorough
description of the procedures followed for each scheduled and non-scheduled
(dead and moribund animals) sacrifice interval. '

At the 6-month necropsy interval, histopathologic examination was performed
on all tissues of the rats of each air-control and the 100 ppm group. At the
12- and 18-month necropsy intervals, histopathologic examination was performed
on selected organs, and on any tissue with gross lesions from rats of each
control group and from the 100 ppm group. Histopathologic examination of rats
of the two lower exposure groups was performed on any tissue with gross lesiouns
at the 6-, 12- or 18-month periods.
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At the 24-month necropsy interval, histopathologic examination was performed
on all tissues of rats in the 100 ppm and both control groups and on potential
target tissues, selected tissues, and tissues with gross lesions in the 33 and
10 ppm groups.

Randomization

All assignment of animals into exposure groups was accomplished by the use
of a computer-generated random number scheme. All of the selections, e.g. for
in-life examinations or for sacrifice, were accomplished by 2 stratified
randomization selection technique using a card-based randomization number
scheme. This procedure prevented the chance occurrence that too many animals

would be selected from the same cage OT from the same location within the
chamber.

Statistical Procedures

The results of quantitative continuous variables were intercompared among
the three concentration levels and two control groups by use of analysis of
variance, Bartlett's homogeneity of variance (Sokal and Rohlf, 1969) and
Duncan's multiple range test (Duncan, 1955; Duncan, 1957; Harter, 1960). The
latter was used when F for analysis of variance was significantly high
(p < 0.05, two-tailed), to statistically compare each exposure group to each air
control group separately and to intercompare the two air control groups (these
comparisons were also made for the following methods, when appropriate). 1f
Bartlett's test indicated heterogeneous variances, the F-test (Sokal and Rohlf,
1969) was used for each exposure group versus the controls and to intercompare
the variances of the controls. If the F-test was mnot significant, Student's
t-test (Sokal and Rohlf, 1969) was used to compare the means; if the F-test was
significant, the Cochran t-test (Cochran and Cox, 1957) was used. In addition,
mortality and tumor-incidence data of the EO-exposed groups were compared to the
combined data of the two controcl groups.

Contingency and appropriate non-parametric data were compared employing 2
multiple comparison test, such as an R x C chi square (Sokal and Rohlf, 1969).
Fisher's exact test (Sokal and Rohlf, 1969) was used if R x C chi square was
significant or if chi square was inappropriate because of the occurrence of too
many low expected frequencies.

For certain urinalysis, clinical chemistry and hematologic parameters,
neither parametric nor non-parametric statistical comparisons were applicable.
The data were not continuous and, in ranking, there were very many tied values.
The parameters for which no statistical comparisons were performed are indicated
in each summary table, and the medians and quartile deviations are reported
(Sokal and Rohlf, 1969).

Mortality was compared by the life table method of Cutler and Ederer (1958),
while the McKinney et al., (1968) life table procedure was used for the tumor
incidence data. For the mortality and tumor data, the eritical ratios (Garrett,
1967) were compared using standard errors described by Cutler and Ederer. Other
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statistical methods will be referred to in the section "Frequency of Neoplasms
That Were Determined to be Potentially Treatment-Related”. The probabilities
assoclated with the critical ratios or the results of the Fisher's exact
comparisons for mortality, for histologic lesions, and for tumor incidences were
ad justed to account for the multiplicity of tests by the Bonferroni correction
(Gart et al., 1979). As therein stated, for r doses (or comparisons to the
control groups), the Bonferroni correction requires that the computed p be
adjusted so that significance {s claimed only if p is less than o/r for an
overall o error rate. Examples follow:

One Control

Each of Three Treatment Groups Compared to
Compared to the Other
Each Control Combined Controls Control
o _alb a/3 a
a=0.05>p>0.01 0.00833 0.0167 0.05
b = 0.01 > p > 0.001 0.00167 0.00333 0.01
c =p < 0.001 0.000167 0.000333 0.001

For the male rats only, exposures extended for four days into the 26th
exposure month while the remaining male rats were being sacrificed. For
mortality and tumor statistical analyses, all results obtained during this time
period are included in the 25th exposure month. ‘

Storage of Records

To the extent technically feasible and consistent with Good Laboratory
Practices, Bushy Run Research Center will retain, safekeep and preserve all
documents, data and material relevant to the research program in the BRRC
Archives.
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RESULTS AND DISCUSSION

Chamber Temperature and Relative Humidity

The chamber temperature and relative humidity differed only slightly from
chamber to chamber and only slightly from one day to the next; however, there
was more variation from winter to summer in these values as indicated in Tables
3 (temperature) and 4 (relative humidity). The overall mean temperature of the
5 chambers ranged from 70.0 to 71.2°F and the overall mean relative humidity
from 49.8 to 51.4%.

Ethylene Oxide Vapor Concentration Determinations

The actual daily EO concentrations within the chambers were very close to
the target concentrations and did not vary much from day to day. The overall
mean of the measured chamber concentrations for the target concentrations of
100, 33, 10, 0 (Air Control I) and 0 ppm (Air Control II) were 101.1, 32.8, 9.9,
0.0 and 0.0 ppu, respectively. The monthly mean concentrations are presented in
Table 5 and the daily mean concentrations in Appendix I, Tables A-4 and A-5.

Quality Control

The quality control procedures to monitor the general health status of the
animals on the study were {nstituted prior to the commencement of exposures.
The abnormalities encountered were within the usual limits for commercially
available specific pathogen-free rats, and, therefore, the rats were determined
to be of suitable quality for the long-term inhalation study.

The only significant event not related to the test treatment that affected
the health status of the animals on the study was an outbreak of viral sialo-
dacryoadenitis (SDA). ‘

Sialodacryoadenitis Virus Infection

During the 15th exposure month, all rats on the study became infected with a
virus. Clinical signs of infection noted during the 62nd and 63rd exposure week
included conjunctivitis, proptosis, loss in body weight and enlarged salivary
glands. These observations were recorded for all exposure groups, including the
controls. The combination of these clinical signs, serologic analyses, gross
observations, and pathognomonic histologic lesions in salivary, harderian and
lacrimal glands confirmed the clinical diagnosis of sialodacryoadenitis virus
infection. After the 64th exposure week, the exposures were temporarily
terminated to permit recovery from the viral infection.

Prior to the infection, very low mortality had been observed from the
beginning of the study. Of the {nitial 120 rats per sex per exposure group, no
more than five in any group of one sex had died or were sacrificed because of a
moribund condition. However, a total of 24 rats died during exposure weeks 64
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‘Chamber Temperature During the Exdosure of Rats
to Ethvlene Oxide Vapor:

Exposure Concentration

Exposure Coutrol I Concrel II
Monch 100 ppm 33 pom 10 ppm 0 ppm 0 poz

.+ Mean“ SD? Mean  SD Mean  SD Mean SD Mean SD

1 76.6 + 2.0 73.7 + 1.6 73.7 + 1.1 72.4 + 1.2 72.6 + 1.3

2 . 75.8%2.2 75.5 + 1.8 75.1 + 1.8 73.7 £ 1.6 73.6 = 1.8

3 76.6 + 2.9 76.0 ¥ 2.9 76.2 + 2.7 74.9 + 2.1 75.0 ¥ 2.4

4 76.0 ¥ 1.4 76.7 % 1.2 75.0 + 1.5 73.6 + 1.0 73.4 7 1.1

5 75.0 + 1.7 76.2 # 1.3 73.6 + 1.0 72.5 + 1.4 72.8 £ 1.1

6 71.1 ¥ 0.5 72.3 ¥ 0.4 72.2 + 0.3 70.1 ¥ 0.3 71.2 * 0.6

7 71.6 + 1.9 72.6 ¥ 2.1 72.1 % 2.0 70.6 + 2.4 70.5 ¥ 2.2

8 70.1 ¥ 1.4 71.3 ¥ 1.5 71.3% 1.5 70.4 * 1.4 70.3 + 1.5

9 68.4 + 0.9 70.0 + 0.7 69.9 + 0.6 69.3 + 0.6 68.3 + 0.8

10 68.4 * 0.5 69.6 + 0.6 69.8 + 0.4 69.0 = 0.5 68.4 + 0.4

11 69.7 + 1.1 71.0 ¥ 1.0 70.6 + 0.9 69.8 ¥ 1.0 69.0 ¥ 1.1

12 70.3 + 0.6 71.3 ¥ 0.7 70.9 ¥ 0.7 69.8 + 0.7 68.9 + 0.9

13 70.9 ¥ 1.2 71.6 ¥ 1.0 70.9 ¥ 0.8 69.6 * 1.0 69.4 T 1.3

14 72.6 + 1.7 72.6 + 1.4 71.7 + 1.6 70.5 + 1.7 71.4 + 1.6

15# 73.2 ¥ 1.4 72.9 F 1.4 71.8 ¥ 1.3 70.2 ¥ 1.4 71.1F1.2

16 74.5 ¥ 1.2 73.9 + 1.2 72.2% 1.1 72.2 ¥ 1.2 72.9 + 1.0

17 72.5 + 2.2 72.4 ¥ 2.1 70.9 * 2.1 70.8 ¥ 2.1 71.6 1.9

18 69.6 ¥ 1.1 69.8 ¥ 1.3 68.8 + 1.3 68.4 + 1.2 69.2 + 1.3

19 68.7 ¥ 0.8 68.9 + 0.8 68.3 + 0.7 67.7 ¥ 0.9 68.6 * 0.7

20 68.5 + 0.9 69.0 + 0.9 68.9 *+ 0.9 _68.8 + 039 68.7 £ 0.9

21 67.8 ¥ 0.8 69.0 *+ 0.8 67.8 + 0.7 68.6 + 0.8 68.2 * 1.2

22 67.4 + 0.9 68.9 + 0.9 68.1 + 0.7 68.9 ¥ 1.2 68.4 + 1.6

23 67.7 ¥ 0.9 68.2 + 1.2 67.6 ¥ 0.9 67.6 * 0.9 67.6 = 1.1

24 68.1 ¥ 1.4 68.6 + 1.1 67.5 + 1.0 68.0 + 1.0 67.6 + 1.0
25 68.0 ¥ 1.9 68.0 + 1.6 66.8 ¥ 1.4 66.9 + 1.6 68.1 £ 2.0 .

26%*  68.3 ¥ 0.7 66.3 + 0.9 66.8 + 0.5 67.0 + 1.0 67.9 0.5

X + sp*  71.0 + 3.0 71.2 + 2.5 70.7 + 2.6 70.0 + 2.1 70.2 + 2.2

lipproxizately five temperature determinations were —ade during each exposure day. .The
first temperature reading, taken within 1-1/2 hours of the.start of the exposure, was
elizinated from this evaluation since this valuve was 2ot representative of the equili-
braced cemperature values for the rezaining time of the exposure. Any exposure which

was less than three hours duraticn (total of 3 days) was alsoc 2ot 4ncluded in this evalua:
tion. A mean was calculated for each day and a dean of these zeans was caleculatzed for

each zonth.
2Cnits = Degrees Farenheit
3sp = Standard Deviation
ax i.SD.- Mean and standard devia:ion‘of aonthly seans

*Only two weeks of exposure because of SDA virus infection

*x0nly one week of exposure terfore all anizals were sacrificed

wpr/1022
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to Ethylene Oxide Vapor

e Exposure of Rats

—a—— A araie s

Exposure Concentration

.Xxposure Control I Control Il
Month 100 ppm 33 pp 10 ppm 0 ppm 0 ppm
' Mean _ SD* Mean SD Mean _ SD Mean SD Mean  SD

1 50.1 + 3.0 50.8 + 2.3 51.5 + 2.8 53.0 + 2.1 53.2 + 2.8

2 53.2 + 3.4 $3.9 + 3.3 53.3 + 3.1 55.6 + 3.5 55.6 + 3.5

3 56.5 + 5.1 56.5 * 4.5 56.0 + 4.0 58.1 * 4.5 593 * 4.2

4 53.2 + 3.6 55.8 + 3.3 54.5 + 3.1 56.8 + 2.7 58.4 +.3.3

5 $3.5 + 2.8 53.4 + 2.1 54.2 + 2.0 $6.3 + 2.4 55.3 + 2.6

6 50.2 + 2.4 49.6 + 2.6 51.2 + 2.5 51.0 = 3.3 52.1 + 3.4

7 49.4 + 5.0 47.6 + 5.2 50.6 + 4.5 50.0 + 4.5 48.6 + 5.3

8 48.6 + 3.2 48.1 + 3.7 47.9 + 3.1 49.3 + 4.5 49.9 + 3.0

9 49.8 + 0.7 50.2 + 0.7 50.3 + 0.6 47.5 + 0.8 50.7 + 0.6

10 49.7 ¥ 0.5 50.1 + 0.8 50.5 # 0.8 47.6 * 0.8 50.8 + 0.8

11 50.2+ 1.1 50.6 + 1.1 51.5 + 1.5 50.8 + 2.2 51.3 + 1.4

12 51.3 ¥ 1.9 51.8 + 2.1 53.3 + 2.8 52.9 ¥ 2.3 52.9 % 2.2

13 53.2 + 2.2 53.6 + 2.2 55.7 + 2.9 55.1 + 3.4 55.5 + 2.8

14 53.4 + 2.5 53.0 + 2.8 55.0 + 2.8 56.2 + 3.7 57.3 + 3.5

15% 52.1 + 2.6 52.9 + 2.0 55.0 + 3.1 '57.0 + 3.3 56.9 + 2.8

16 50.4 * 1.1 51.8 % 1.2, .53.0 + 1.3 55.3 + 1.9 52.5 + 1.4

17 48.7 ¥ 2.5 50.3 + 2.4 50.9 + 2.9 52.8 + 2.8 51.4 + 2.6

18 45.0 ¥ 2.0 47.2 ¥ 1.9 46.8 + 2.3 48.3 ¥ 2.3 47.0 ¥ 2.1

19 46.3 + 1.8 47.6 + 1.9 47.0 * 2.6 46.6 * 2.5 45.8 + 2.2

20 43.3 ¥ 2.9 44.6 ¥ 3.1 42.6 + 4.1 42.9 + 3.6 42.5 ¥ 3.4

21 42.0 + 1.4 43.6 + 1.0 43.2 + 1.6 44.6 + 1.4 40.9 ¥ 1.4

22 41.1 % 3.2 43.5 + 1.7 42.5 + 1.5 43.6 + 1.4 42.8 + 1.9

23 44.8 + 2.3 44.7 + 2.5 44.3 + 2.9 45.6 + 2.1 45.1 + 2.1

24 48.0 * 3.0 48.1 + 3.5 48.5 + 3.8 48.7 = 3+3 48.5 + 3.5

25 53.8 F 4.4 $3.5 F 4.4 53.8 ¥ 4.5 53.4 ¥ 5.0 54.8 F 4.6

26%* 57.8 + 0.3 59.0 + 1.5 59.2 + 2.2 58.0 + 2.1 58.8 + 2.0

X + SD3  49.8 + 4.2 50.4 + 4.0 50.8 + 4.4 S1.4 + 4.6 51.4 + 5.2

TApproximately five humid
¢4{rst humidity reading,
eliminated from thi

brated humidity values for the
was less than three hours durat

evaluation.

for each month.

28D = Standard Deviation

A mean was calculate

ity determinations were made
taken within 1 = 1-1/2 hours
s evaluation since this value was
remaining time of the
ion (total of 3 davs)
4 for each day and a mean of thes

3% + SD = Mean and standard deviation of monthly means

*Only two weeks of exposure because of SDA virus infection

**0nly one week of exposure befor

e all animals were sacrificed

Jduring each exposure day.
of the start of the exposure, was
not representative of the equili-
exposure.

The

Any exposure which

~=vC/1056

was also not included in this
e means was calculated
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and 65. There was a higher rate of mortality aiong female rats in the 100 ppo
exposure group than in any other group. Gross and microscopic examination of
tissues of the animals that died during this infection period revealed no
pathologic findings sufficiently severe to explain the cause of death.

After two weeks of no exposures, moSt clinical signs associated with the
infection subsided, the mortality rate decreased to the preinfection rate and
the body weight returned to preinfection values, consequently exposures were
restarted.

Observed long-term sequalae of this coronavirus disease, which is consistent
with published information (Jacoby et al., 1975), included ophthalmologic
lesions and chronic histologic changes in salivary gland tissues; both of which
were present in EO-exposed as well as control rats. An increase in mortality
has not been reported in the literature in association with this disease;
however, most research on this disease has been with young, nonstressed rats.

Fate of the Animals

Presented in Appendix II, Tables A-6 and A-7, are listings of all animals on
the study with the fate and the number of exposures before demise for all male
and female rats, respectively.

The total number of male rats that died or were sacrificed in a moribund
condition were 49, 39, 28, 31 and 29 for the males and 53, 31, 25, 19 and 20 for
the females in the 100 ppm, 33 ppm, 10 ppm, Air Control I and Air Control II
groups, respectively. One additional male in the 33 ppm group and one female in
Air Control group 1 were accidentally killed.

Tables 6 and 7 contain the cumulative mortality data and statistical
significances of male and female rats, respectively, that died or were
sacrificed in a moribund condition for each exposure month. The mortality data
are graphically presented for males and females in Figures 2A and 2B,
respectively. The cumulative percentage dying in the 100 ppm group for both
sexes was significantly different from that of one or both controls for at least
the last four exposure months of the study. Some significant differences were
observed in the 33 ppm group for the males.

1t is noted that during the 15th exposure month, mortality increased in both
EO-exposed and control groups. This event was related to the
sialodacryoadenitis (SDA) virus infection, previously described. More animals
died in the 100 and 33 ppm groups than in the others and mortality was elevated
earlier and to a greater extent in the females than in the males. The incidence
of mortality decreased during the month after the infection to approximately the
level prior to the infection. Since this virus outbreak contributed
significantly to mortality for the 100 and 33 ppm groups, the mortality data
were re-evaluated using the number of rats alive at the beginning of month 17,
following the SDA virus infection, as the starting point.

;
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Cumulative Percengggesl of Male Rats Dying
or Sacrificed in a Moribund Condition
After Exposure to Ethylene Oxide Vapor
Exposure Concentration
Exposure Alr Alr Combined
Month 100 ppm 33 ppm 10 ppm Control I Control II  Comtrols

1 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.8 0.0 0.4
6 0.0 0.0 0.0 0.8 0.0 0.4
7 0.0 0.0 0.0 0.8 0.0 0.4
8 0.0 0.0 0.0 0.8 0.0 0.4
9 0.0 0.9 0.9 0.8 0.0 0.4
10 - 0.0 1.8 0.9 0.8 0.0 0.4
11 0.0 2.8 0.9 0.8 0.0 0.4
12 1.0 2.8 0.9 0.8 0.0 0.4
13 1.0 4.8 0.9 0.8 0.0 0.4
14 3.0 4.8 0.9 1.8 0.0 0.9
15 7.0 6.8 0.9 1.8 2.0 1.9
16 7.0 8.8 1.9 1.8 2.0 1.9
17 7.0 9.8 2.9 2.9 4.1 3.5
18 10.4 9.8 2.9 5.1 5.2 5.2
19 11.7 12.5 2.9 5.1 T 5.2 5.2
20 18.2 15.1 8.0 8.0 6.5 7.8
21 24.7(=,=,2) 20.3 10.6 11.5 10.4 11.0
22 27.3(=y=»=) 29.4(=,3,3) 14.4 17.9 11.7 14.8
23 44.2(a,¢,¢) 36.0(=»b,b) 18.3 21.8 13.0 17.4
24° s0.7(a,c,¢) 39.9(=,a,=) 25.9 29.5 20.8 25.2
24.5 55.9(a,b,¢) 42.5 31.0 34.6 28.6 31.6
25.0 65.2(a,=,b) 54.2 38.3 41.9 42.6 42.3

a = 0.05> p > 0.01

First letter of superscript denotes degree of si
second letter denotes degree of sig
denotes degree of significance vs.
superscripts denote values signifi

lpife Table Analysis

b =0.01 >p > 0.001

nificance vs.

¢ = p < 0.001

gnificance vs. Control 1 group;
Control II group; third letter
Combined Controls (C-I plus C-II).
cantly higher than those of control groups.

Bracketed

WPC/1063-4
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Table 7
Cumulative Percengggesl of Female Rats Dying
or Sacrificed in a Moribund Condition
After Exposure to Ethylene Oxide Vapor
‘ Exposure Concentration
Exposure Air Alr Combined
Month 100 ppm 33 ppm " 10 ppm Control I Control II  Controls
1 0.0 0.0 0.0 0.8 0.0 0.4
2 0.0 0.0 0.0 0.8 0.0 0.4
3 0.0 0.0 0.0 0.8 0.0 0.4
4 0.0 0.8 0.0 0.8 0.0 0.4
5 0.0 0.8 0.0 0.8 0.0 0.4
6 0.0 0.8 0.0 0.8 0.0 0.4
7 0.0 0.8 0.0 0.8 0.0 0.4
8 0.0 0.8 0.0 0.8 0.0 0.4
9 0.0 0.8 0.0 0.8 0.0 0.4
10 1.8 0.8 0.0 0.8 0.0 0.4
11 1.8 0.8 0.0 0.8 0.0 0.4
12 1.8 0.8, 0.0 0.8 0.0 0.4
13 2.8 1.8 0.0 0.8 0.0 0.4
14 3.9 1.8 0.0 0.8 0.0 0.4
15 16.0(b,b,B) 5.9 2.0 2.8 3.1 3.0
16 18.0(b,b,P) 5.9 3.0 3.8 3.1 3.5
17 21.1(e5¢,¢) 6.9 5.0 3.8 3.1 3.5
18 22.2(b,c,¢) 10.3 6.2 6.1 4.3 5.2
19 25.0(a,¢,¢) 15.5 11.3 8.6 5.6 7.1
20 30.4(b,a,b) 16.8 11.3 9.9 12.3 11.0
21 34.5(c,a,¢) 22.0 12.6 9.9 16.3 ~13.0
22 41.3(c,b,0) 24.6 13.9 9.9 18.9 14.3
23 49.5(c,b,e) 32.4 24,2 18.8 22.9 20.8
24 63.3(c,c,¢) 35.2 28.5 22.9 25.8 24.3
24.5 70.0(c1¢,€) 41.1 34.7 25.9 25.8 25.9
a = 0.05>p>» 0.01 b =0.01 > p > 0.001 T ¢ = p < 0.001

First letter of superscript denotes degree of significance vs. Control I group;
second letter denotes degree of significance vs. Control II group; third letter
denotes degree of significance vs. Combined Controls (C-I plus C-II). Bracketed
superscripts denote values significantly higher than those of control groups.

11ife Table Analysis

WPC/1063
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The results of these calculations are presented in Tables 8 and 9 and Figure 3A
and 3B for males and females, respectively. This recalculation could allow for
mortality rate to be determined without the initial interfering effect of the
SDA virus infection included.

For both sexes of all groups, the rate of mortality increased at approxi-
mately the 20th exposure month. This is not unusual for the normal aging
Fischer 344 rat. It was not until the 22nd or 23rd exposure month that
significantly higher mortality values (cumulative percentage) were noted for
both sexes of the 100 ppm group. At no time interval was the cumulative
percentage mortality value for either sex in the 33 ppm group significantly
different from that of both controls. However, from the 21st month on, the
values for both sexes of the 33 ppm group were numerically greater than those of
both control groups. At no time were there significant increases in mortality
present in the 10 ppm exposure group of either ‘sex.

Animal Observations

The type of observations made daily for one group was basically similar to
those made for the rest of the groups. No treatment-related observations were
made other than an increase in death and morbidity in the EO-exposed animals,
which is discussed above.

The only statistically significantly increased values of the 100 ppm group,
noted in the monthly in-depth observations, were in the frequency of fur
discoloration around the dorsal neck region and the number of failures for the
hind 1limb lift reflex test. These occurred only once for each, early in the
study, and are of no toxicologic significance; the hind limb reflex result is
believed to have occurred because of fatigue of the male rats following a
preceding test which was run for this observation period onlty. A summary of the
monthly in-depth clinical observations is presented in Tables 10 and 11 for male
and female rats, respectively.

Body Weight Determinations

The day before the first exposure, the group means for male rats and female
rats were very close in value and the varlances were equivalent as indicated in
Tables 12 for males and 13 for females. The change in body weight from this
reference point was calculated at each weighing interval and 1is also presented
in these Tables. These data are graphically presented in Figures 4 and 5 for
male and female rats, respectively.

A statistically significant depression in body weight gain was obtained at
the end of the third exposure week (13 exposures completed) in the females and
at the end of the fifth exposure week {23 exposures completed) in the males of
the 100 ppm group. Thoughout the rest of the two-year study this treatment-
related effect was observed.

At no time during the study were the changes in body weight of the 33 ppm
group of male rats significantly lower in value when compared to the controls.
However, statistically significantly lower mean values for the 33 ppm females,
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Table 8
Cumulative Percentages1 of Male Rats Alive

at the Beginning of Month 17, But Dying or Sacrificed

in a Moribund Condition After Subsequent Exposure to Ethylene Oxide Vapor

“Exposure Concentration

Exposure Alr : Air Combined
Month 100 ppm 33 ppw 10 ppm Control I Control II  Controls
17 0.0 1.1 1.0 1.0 2.1 1.6
18 3.7 1.1 1.0 3.3 3.2 | 3.3
19 5.0 4.0 1.0 3.3 3.2 3.3
20 12.0 6.8 6.2 7.2 4.6 5.9
21 19.0 12.6 8.8 9.9 8.6 9.2
22 21.8 22.6 12.8 16.4 9.9 13.2
23 40.0(a,c,¢) 29.8(-,2,7) 16.7 20.3 11.2 15.8
24 46.9(=,c,b) 34,1 24.5 28.2 19.2 23.7
24.5 52.5(=b,b) 36.9 29.7 33.4 © 27.1 30.3
25.0 62.5(=,=»8) 49.8 37.1 40.8 41.4 41.2
a = 0.05> p > 0.01 b = 0.01 > p » 0.001 c = p < 0.001

First letter of superscript denotes degree. of significance vs. Control I group;
second letter denotes degree of significance vs. Control II group; third letter
denotes degree of significance vs. Combined Controls (C-I plus C-II). Bracketed

superscripts denote values significantly higher than those of control groups.

lrife Table Aﬁalysis
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Table 9
Cumulative Percencages1 of Female Rats Alive

at the Beginning of Month 17, But Dying or Sacrificed

in a Moribund Condition After Subsequent Exposure to Ethylene Oxide Vapor

Exposure Concentration

Exposure Alr Air Combined
Month 100 ppm 33 ppm 10 ppm Control I  Control II Controls
17 3.7 1.1 2.1 0.0 0.0 0.0
18 5.1 4.7 3.2 2.3 1.2 1.8
19 8.4 10.2 8.6 5.0 2.6 3.8
20 15.1 11.6, 8.6 6.3 9.4 7.8
21 20.1 17.1 9.9 6.3 13.6 9.8
22 28.4(b,=,8) 19.9 11.2 6.3722 16.3(2,7) 11.2
23 38.4(a,=,b) 28.2 21.8 15.5 20.4 17.9
24 55.2(€,¢,¢) 31.2 26.2 . 19.8 23.4 21.6
24.5 63.4(c,c,¢) 37.4 32.6 22.9 23.4.“ 23.2

a = 0.05 > p > 0.01 b = 0.01 > p > 0.001 ¢ = p < 0.001

First letter of superscript denotes degree of significance vs. Control I group;
second letter denotes degree of significance vS. Control IT group; third letter
denotes degree of significance Vs. Combined Controls (C-I1 plus C-11). Bracketed

superscripts denote values significantly higher than those of control groups.

111 fe Table Analysis

WPC/1063
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when compared to both Air Control groups, was first observed at the end of the
10th exposure week (48 exposures completed). This statistically significant
difference continued until the “recovery period” from the SDA virus infection,
after which time the mean values of this group remained lower, but only sporadic
statistical significances were observed. After 18 months of exposure, the
meaningful interpretation of the body weight data is questionable because the
normal increase in spontaneously occurring tumors significantly affects the body
weight.

Presented in Figures 6 and 7 are more detailed graphs, better depicting the
differences between groups for male and female rats, respectively. The period
of time in these figures encompasses the SDA virus infection and “recovery”
periods. During the infection period, the body weight was markedly depressed
similarly for all groups. Proportionately, the males lost more body weight than
the females. Following the "recovery” period, all groups appeared to return to
their preinfection rate of body weight gain. :

Ophthalmologic Examinations

The veterinary ophthalmologist's report is in Appendix III. 1In his report,
the summary observations were not separated according to sex, nor were there any
statistical analyses performed. Presented in Tables 14 and 15 are the ophthal-
mologic findings which are separated by sex, males and females, respectively,
and analyzed for statistical significance. No significant differences were
noted .

Certain eye lesions which were present in all groups in the 18- and 24-
month observationm intervals may be representative of the same pathogenetic
mechanism assocliated with the SDA virus infection. Consequently, possible
interrelated abnormalities were combined, and the results are presented in Table
16. Again, no significant differences were noted. -

It was concluded, in the ophthalmologist's report, that, in view of the
confirmed SDA virus infection, the ocular abnormalities observed in this study
had no apparent toxicologic relationship to EC. '

Urinalysis

Presented in Tables 17 and 18 are the summary results of the routine
urinalysis determinations for male and female rats, respectively, sacrificed
after 6, 12, 18 and 24 months of exposure. The individual routine urinalysis
values of each group are reported in Appendix V, Tables A-18 through A-25, for
all sacrifice intervals. By inspection of the results for the male and female
rats, there were no apparent differences that would indicate a treatment-related
effect at any of the four sacrifice intervals.

The summaries of the microscopic urinalysis results at the 6-, 12-, 18- and
24-month sacrifice intervals are presented in Tables 19 and 20 for male and
female rats, respectively. Reported in Appendix V, Tables A-26 through A-33,




Table 14 Report 44-20
Ophthalaologic Findings! at 6-Moanth Intervals Page 35
from Male Rats Exposed to Ethylene Oxide
by Inhalation for Two Years
Exposure interval
6-Month 12 -Month 18 =Month 24 =-Monch
CATEGORY A
100 ppm 0/10 0/10 1/20 G/4l
33 ppm 1/10 1/10 0/20 0/46
10 ppa 2/10 0/10 0/20 0/82
Control I 0/10 0/10 0/20 0/57
Control II 0/10 0/10 0/20 0/66
CATEGORY B
100 ppa 0/10 0/10 1/20 0/41
33 ppm 0/10 0/10 0/29 1/4¢€
10 ppa 0/10 1/10 0/20 1/62
" Control I 0/10 0/10 0/20 0/57
Control II 1/10 0/10 1/20 0/66
CATEGORY C :
100 ppa 0/10 = . 0/10 1/20 "3/41
33 ppa 1/10 0/10 3/29 1/46
10 ppa 0/10 0/10 1/20 3/62
Control 1I 0/10 0/10 0/20 3/57
Control II 0/10 1/10 2/20 2/66
CATEGORY D
100 ppa 0/10_ 0/10 0720 0/41
33 ppa 0/10 1/10 0/20 1/486
10 ppa 0/10 1/10 0/20 L7862
Contrecl I 0/10 1/10 1/20 /57
Control II 0/10 0/10 0/20 2/66
CATEGORY = :
100 ppa 0/10 0/10 0/20 0/41
33 ppa 0/10 0/10 0/20 0/48
10 ppa 0/10 0/10 0/20 0/62
Control 1 0/10 0/10 1/20 1/37
Control II 0/10 1/10 0/20 1/66
CATEGORY F
100 ppo 0/10 0/10 0/29 2741
33 ppa 0/10 0/10 0/20 2/46
10 ppa 0/10 0/10 0/20 4/62
Control I 0/19 0/10 0/20 1/57
Centrol II 0/10 0/10 1/20 /66

icategories defined by Dr. R. W. 3elinorn.
in-depth description of each cazegory.
lesion and the denominator is the nuaber of rats exaained

Categorv A = Congenital defects

Categorv B3 = Ratinal degeneration

Category C = Sialodacryoadenitis coanliex

Refer to Appendix
The aumerator is the

1O

IIT for an
nuzber of rats with the

= lens abnormalities

Phthisis bulbi

= Hiscellaneous finding:
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Table 15
Ophthalmologic Findings: at 6-Month Intervals Page 36
from Femzle Rats Exposed to Ethylene Oxide
by Inhalation for Two Years
Exposure Interval
6-Month 12-Month 18-Month 24-Month
CATEGORY A
100 ppm 2/10 0/10 0/20 0/34
33 ppn 0/10 0/10 0/20 0/52
10 ppum 0/10 0/10 0/20 0/58
Control I 1/10 0/10 0/19 0/63
Control II 1/10 0/10 0/20 0/57
CATEGORY B
100 ppum 0/10 0/10 0/20 1/34
33 ppu 0/10 0/10 0/20 0/52
10 ppum 0/10 0/10 0/20 0/59
Control I 0/10 0/10 0/19 0/63
‘Control II ‘6/10 0/10 0/20 0/57
CATEGORY C
100 ppm - 0/10 a/10 2/20 6/34
33 ppm 0/10 0/10 4/20 8/52
10 ppm 0/10 0/10 4/20 4/59
Control I 0/10 - 0/10 1/19 10/63
Control II 1/10 0/10 3/20 6/57
CATEZGORY D
100 ppm 0/10 0/10 1/20 5/34
.33 ppm 0/10 0/10 0/20 1/52
10 ppm . 0/10 1/10 1/20 0/5¢°
Control I 0/10 1/10 D/19 2/63
Control II 0/10 1/10 0/20 1/57
CATEGORY E
100 ppm 0/10 0/10 1/20 - 2/34
33 ppm 0/10 0/10 0/20 3/52
‘10 ppm 0/10 0/10 0/20 6/59
Control I 0/10 0/10 0/19 2/63
Control II 0/10 0/10 0/29 1/57
CATEGORY F ’
100 ppm 0/10 0/10 0/20 1/34
33 ppm 0/10 0/10 0/20 2/52
10 ppm 0/10 n/10 0/20 1/59
Control 1 0/10 0/10 0/13 1/63
Control II 0/10 0/10 0/20 1/57
lCategories defined by Dr. R. V. Bellhorn. Refer to Appendix IIl for an

in-depth descripticen

the lesion and the denominator is t
Category A = Congecvital defects
Category B = Retinal degeneration

cf each category.
he number n»f rats examined.
Category D = Lens abnormalities
Category E = Phthisis bulbi
Cutegory F = Miscellaneous findings

The numerator is the number of rats with

Category C = Sialodacryoadenitis complex

VPC/1062
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Table 14 Report 44-20
Ophthalimologic Findlnes! at_6-Month Intervals Page 35
from Male Rats Exposed to Ethylene Oxide
by Inhalation for Two Years
Exposure Interval
6-Month 12 -Month 18-Month 24 =Monzh
CATEGORY A
100 ppm 0/10 0/10 1/20 G/4l
33 ppm 1/10 " 1/10 0/20 0/46
10 ppa 2/10 - o0/10 0/20 0/82
Control I 0/10 0/10 0/20 0/57
Control II 0/10 0/10 0/20 0/66
CATEGORY B
100 ppa 0/10 0/10 1/20 /41
33 ppa 0/10 0/10 0/20 1/4¢€
10 ppa 0/10 1/10 0/20 1/62
Control I 0/10 0/10 0/20 0/57
Control II 1/10 0/10 1/20 - 0/66
CATEGORY C
100 ppa 0/10 . 0/10 1/20 3/41
33 ppa 1/10 0/10 3/29 1/46
10 ppa 0/10 0/10 1/20 3/6z
Control I 0/10 0/10 0/20 3/57
Control II 0/10 1/10 2/20 2/66
CATEGORY D
100 ppa o/10 0/10 0/20 0/41
33 ppa 0/10 1/10 0/20 1/4%
10 ppa 0/10 1/10 0/20 VLY
Control I 0/10 1/10 1/20 4/57
Control II 0/10 /10 0/20 2/66
CATEGORY =
100 ppa 0/10 0/10 0/20 0/41
33 ppm 0/10 0/10 0/29 0/46
10 ppa 0/10 0/10 0/20 0/62
Control 1 0/10 0/10 1/20 1/37
Control II 0/10 1/10 0/20 1/66
CATEGORY F
100 ppa 0/10 0/10 0,29 2/41
33 ppa 0/10 0/10 2/20 2/46
10 ppa 0/10 0/10 0/20 4/62
Control I 0/10 0/10 0/20 1/57
Control II 0/10 0/10 1/20 /66
1Categories defined bv Dr. R. W. 3elinorn. Refer to Appendix III for an

in-depth description of each category.

The aumerator is the

lesion and the denominator is the nuaber of rats exaained.:
Categorv A = Congenital defects

Categorv B = Ratinal degeneration
Category C = Sialodacryocadenitis coanlex

o

3t

nuzber of rats with the

= Lens abnormnalicies
= Phthisis bulbi
= fiscellaneous finding:

Tivem s v Nz
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Ophthalmologic Findicgsl at 6-Month Intervals P28 36
from Femzle Rats Exposed to Ethylene Oxide
by Inhalation for Two Years
Exposure Interval
6-Month 12-Month 18-Month 24~-Month
CATEGORY A
100 ppn 2/10 0/10 0/20 0/34
33 ppm 0/10 0/10 0/20 0/52
10 ppn 0/10 0/10 0/20 0/59
Control I 1/10 0/10 0/19 0/63
Control II 1/10 0/10 0/20 0/57
CATEGORY B
100 ppm 0/10 0/10 0/20 1/34
33 ppm 0/10 0/10 0/20 0/52
10 ppm 0/10 0/10 0/20 0/59
Control I 0/10 0/10 0/19 0/63
Control II G/10 0/10 0/20 0/57
CATEGORY C
100 ppm 0/10 0/10 2/20 6/34
33 ppm 0/10 0/10 4/20 8/52
10 ppm 0/10 0/10 4/20 4/59
Control I 0/10 0/10 1/19 10/63
Control Il 1/10 0/10 3/20 6/57
CATZGORY D ;
100 ppm 0/10 0/10 1/20 5/34
33 ppm - 0/10 0/10 0/20 1/52
10 ppm 0/10 1/10 1/20 0/5¢9
Control I 0/10 1/10 /19 2/63
Control II 0/10 1/10 0/20 1/57
CATEGORY E
100 ppm 0/10. 0/10 1/20 2/34
33 ppm 0/10 0/10 0/20 3/52
10 ppm 0/10 0/10 0/20 6/59
Control I 0/10 0/10 0/19 2/63
Control II 0/10 0/10 0/20 1/57
CATEGORY F .
100 ppm 0/10 /10 0/20 1/34
33 ppm 0/10 0/10 0/20 "2/52
10 ppm 0/10 n/10 0/20 1/59
Control 1 n/10 0/10 0/139 1/63
Control II 6/10 0/10 0/20 1/57

iCategories defined by Dr. R. W. Belllorn.
in-depth descripticn cf each category.

e e - i et

Refer to Appendix II1 for an

The numerator is the number of rats with

the lesion and the denorinator is the number o7
Category A = Congerital defects

Category B = Retinal degeneratinn
Category C = Siglodacryoadenitis complex

rats examined.
Category D = Lens abnormalities
Category E = Phthisis bulbi
Category F = Miscellaneous findings

VPC/1062
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Table 16
Ophthalmologic Findingsl That Mar Be Interrelated from
Male and Female Rats Exposed to Ethylene Oxide
by Inhalation for Two Years
T o Exposure lInterval
6-Month 12-Month 18-Month . 24=-Month
Male
CATEGORY C,D,E
100 ppm 0/10 0/10 1/20 3/41
33 ppm 1/10 1/10 3/20 2/46
10 ppum 0/10 1/10 1/20 7/62
Control I - 0/10 1/10 2/20 8/57
Control II 0/10 2/10 2/20 5/66
. Female
CATEGORY C,D,E , o
100 ppm 0/10 ' 0/10 ’ 4/20 13/34
33 ppum 0/10 0/10 4/20 12/52
10 ppm 0/10 1/10 5/20 10/59
Control 1 v 0/10 1/10 1/19 14/63
Control II 1/10 1/10 3/20 8/57

iThese categories were combined because they may be representative of the same
pathogenetic mechanism of the sialodacryoadenitis virus infection. For furthar
details refer to Appendix III. The numerator is the number of rats with the lesion
and the denominator is the number of rats examined.

Category C = Sialodacryoadenitls complex
Category D = Lens abnormalities
Category E = Phthisis bulbi
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are the individual animal microscopic urinalysis values for all groups at each
sacrifice interval. No apparent differences that would indicate a
treatment-related effect at any of the four sacrifice intervals were noted by
inspection of the data for either the male or female rats.

Routine Hematology with Leukocyte Differential Evaluation

The summary values of the routine hematologic determinations for each of the
four sacrifice intervals are presented in Tables 21 and 22 for male and female
rats, respectively, and the leukocyte differential counts are in Tables 23 and"
24 for males and 25 and 26 for females. All individual routine hematology
values of each group are contained in Appendix VI, Tables A-34 through A-37 for
males and Tables A-38 through A-41 for females, and all leukocyte differential
values are in Appendix VI, Tables A-42 through A-45 for the males and in Tables
A-46 through A-49 for the females. '

The hematologic results for the 24-month interval are presented two ways:
with all values included in the statistical analysis, and with the values from
animals with histologically confirmed mononuclear cell leukemia removed from
the analysis. The elimination ‘process was performed because leukemia, which
occurred only after the previous hematologic assessment at 18 months, represents
a confounding .variable in the hematologic evaluation. Mononuclear cell leukemia
was observed in all groups, but the frequency was increased in the 100 ppm
group, especially for female rats. It is pointed out that histologic confirma-
tion was required before the final resolution of whether or not an animal had
leukemia was made. [Note: There was substantial agreement between the hemato-
logic and histologic evaluations. There were false positives only 2.1% of the
time (males and females combined)} that is, 2.1% of the animals with positive
hematologic diagnoses were negative by histologic diagnoses. The diagnosis for
mononuclear cell leukemia was negative hematologically 9.4% of the time when it
was positive histologically. This was probably because blood samples were ob~-
tained a few weeks before sacrifice, therefore, allowing time for new cases of
leukemia to develop.] The blood values of the rats with leukemia are indicated
in Appendix VI, Table A-45 for males and Table A-49 for females.

Males,

There were no dose-related effects for any hematologic parameters that were
indicative of a toxicologic effect at the 6~ or 12-month intervals. At the
6-month interval, the mean values for a few of the parameters of the leukocyte
differential count were statistically significantly different from those of one
control group. However, these differences are not considered to be of
toxicologic significance because, in most of these cases, the mean values of the
two control groups were also significantly different from each other.

At the 18-month sacrifice period the only statistically significant
difference was a lower mean absolute neutrophil count of the 100 ppm group; the
biological significance of this finding is unknown.

At the 24-month sacrifice interval, with or without removing the values of
the animals with leukemia from statistical analysis, the total leukocyte count
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(WBC) was elevated (not statistically significant) in the 100 ppm group. In the
animals without leukemia, this was because of one animal (#59115). This animal
died shortly after the blood collection period. 1t did not have leukemia but
did have other pathologic conditions that explain the elevated WBC count. When
this value was removed from statistical analysis, the mean WBC count was similar
to that of the two controls. Consequently, since there was only one abnormal
value, it is believed there were uo treatment-related effects noted for the .
hematologic results. '

Females

There were no dose-related hematologic values indicative of a toxicologic
effect at the 6-month sacrifice period. At the 12- and 18-month intervals, the
only notable findings were that the hemoglobin level and the erythrocyte count
of the 100 ppm group were slightly lower than the control values and in some
cases were significantly different from those of one control. There was no
similar pattern of histologic findings noted at the 12- and 18-month intervals
that support this apparent treatment-related effect.

There were no results or trends indicative of a toxicologic effect at the
24-month interval when results were corrected for the confounding effect of
mononuclear cell leukemia. The uncorrected values for the 100 ppm group were
different, some statistically significant, for several parameters when compared
to the corresponding values of the controls. These changes were all believed to
be related to mononuclear cell leukemia and were as follows: elevated WBC,
neutrophils, monocytes and bands and depressed RBC and hemoglobin.

-

Serum Clinical Chemistry -

The serum clinical chemistry summary values of the four sacrifice intervals
for each sex are presented in Tables 27 and 28 for the male rats and in Tables
29 and 30 for the females. The clinical chemistry values for individual animals
are presented in Appendix VII, Tables A-50 through A-56 for male rats and Tables
A-57 through A-63 for female rats. Caution should be taken in the evaluation of
the toxicologic significance of the data at the 24-month sacrifice interval,
since, for all groups, the range of values for most parameters was so great.
This phenomenon may be related to an age factor or to a pathologic condition,
e.g., leukemia. Associated with the later stages of leukemia is involvement of
many organs. Changes in certain serum chemistry values may, therefore, be
expected, but there was no elimination of values performed for these serum
chemistry analyses as was done in the hematologic analyses, because no definite
cause and effect relationship could be established.

Males
At the 6- and 12-month sacfifice’period,'thete were no dose-related effects

that were indicative of a toxicologic responsé. The only significant result
noted at the 18-month interval was in alkaline phosphatase value of the 100 ppm
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group. The mean of this group was numerically higher than the mean values for
either control group and was significantly different from that one of the
control groups. Similar results for alkaline phosphatase were noted at the
24-month interval. However, at this interval, not only the 100 ppm but also the
33 ppm group was numerically greater than both controls and statistically
different from one. The toxicologic significance of these findings is unknown.
The other serum chemistry results did not indicate a dose-response relationship
and were not indicative of a toxicologic response.

Females

Some significant differences in the EO-treated groups were noted for
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) at the 6-,

18- and 24-month intervals. For all significant differences, the mean value of

the EO-treated group(s) was greater than the control value. A questionable
toxicologic significance was placed on the statistically significant differences
observed at 6 months because there was no definite dose-response relationship,
and there was no histopathologic evidence to support the findings. Furthermore,
these differences were not observed at the following analysis interval.

At the 18- and 24-month.intervals, more of a dose-response relationship for
AST was noted in the 100 and 33 ppm groups; however, it was not until the
24~month interval that the mean AST value for the 100 ppm group was outside the
range of normal values and was significantly different from that of both control
groups. At this same time period, the ALT and alkaline phosphatase mean values
of the 100 ppm group were significantly different from those of one or both
control groups.

Cytogenetic Studies -

No treatment-related effects in chromosomal aberrations were observed in
bone marrow cells of rats exposed to ethylene oxide for one year. No
statistically significant differences were obtained for the "percentage of
abnormal cells,” the "average number of chromosomal aberrations per cell,” or
the “total number of chromosomal aberrations (per rat)” for either males or
females exposed to 100 ppm of ethylene oxide when compared to values obtained
for the air-control groups. The detailed results and conclusions of the
cytogenetic study on chromosomal aberrations are presented in Appendix Iv.

Technical problems were encountered (1) in the development of a successful
procedure to culture rat leukocytes and (2) at the 6-month sacrifice interval in
the preparation of acceptable chromosome spreads. Completion of both of these
studies as outlined in the original protocol was not possible. Chromosomal
preparations from rats at the 18-month sacrifice interval were saved for
possible future evaluation, but initial examination indicated the presence of
low numbers of mitotic cells. These slides, prepared at the request of the EO
Steering Committee, were not included as part of the original study protocol.
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Organ Weight and Body Weight at Sacrifice

Prior to each sacrifice, body weights were obtained on the non-fasted
animals. Organ weights were expressed as absolute values and as percentages of
these body weights (hereafter called relative values). The summary of relative
values at the 6-, 12- and 18-month sacrifice intervals are presented in Tables
31 and 32 for male and female rats, respectively. Absolute values are presented
{n Tables 33 and 34. The individual animal values for all groups at each
sacrifice interval are reported in Appendix VIII, Tables A-64 through A-67 for
male rats and Tables A-68 through A-71 for female rats. No statistical analyses
were made at the 24-month sacrifice, since many of the rats had one or wore
types of tumor that could directly affect the true organ or body weight, or
indirectly affect the weight of organs as the result of hormonal change.
Statistical significance at 6-, 12~ and 18-month sacrifice intervals are pre-
sented in the tables for both relative and absolute organ weights. However, in
this section, only relative organ weight values are discussed except where dis-
cussion of the absolute values adds more to the interpretation of the results.

Males

There were no significant differences noted for body weight values of the
male rats sacrificed at 6, 12 or 18 months. There were isolated incidences of
statistically significant differences in relative organ weight noted at each
interval; however, none of these significant differences were supported by
histologic or clinical chemistry findings. Furthermore, no effects that were
noted at the 6-or 12-month intervals were observed at the following analysis
{interval; nor were significant differences between test and control group noted
for the same organ weight for both sexes at the same interval. The means of the
absolute brain weight at the 18-month interval were similar for all groups;
therefore, since brain weights generally do not vary appreciably with change in
body weights, the statistically significant relative brain weight was probably
more a reflection of the difference in body weights than a treatment-related
effect on the brain. Furthermore, there was no histologic evidence to support
this finding. All other significant differences noted were not related to dose
and are not considered to be of any toxicologic significance.’

Concomitant with the increase in malignant mononuclear cells in the spleens
of animals with leukemia at the 24-month sacrifice interval was an increase in
spleen weights. There was no increase in the mean absolute or relative spleen
weights at the 18-month interval in the EO-treated rats, which supports the
histologic evaluation of there being no incidence of leukemia at the 18-month
sacrifice interval for male rats.

Females

At each sacrifice interval, the mean body weight values of the sacrificed
female rats were depressed, some slightly and some markedly, for the 100 and 33
ppm groups when compared to the control values. For each interval, the mean
value of the 10 ppm group was similar to those of the controls.
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After 6 or 12 months of exposure, there were no significant treatment-
related effects observed for the relative organ weight values. At the 18-month
interval, all relative organ weights for the 100 ppm group were increased, and
some were significantly different when compared to the controls. The higher
organ to body weight ratios may have been primarily the result of relatively
more body weight than organ weight depression at this period.

At the 18-month sacrifice interval, only one female rat was histologically
confirmed to have leukemia. When this value (from the 100 ppm group) was re-
moved from statistical analysis, along with another value of an animal (100 ppm
group) with extramedullary hematopoiesis in the spleen, there was no indication
of differences in spleen weights between EO-exposed and control groups. Both a
statistically significant increase in relative liver weights and in. AST serum
chemistry values were noted in the 100 ppm group at the 18-month interval. How-
ever, no toxicologic significance was given to these findings because the in-
crease in organ weights was not correlated (correlation coefficient for the 20
rats sacrificed at this period was not significant, v = -0.272) to the increase
in AST values, nor was there histologic evidence to support a toxic effect. The
mean value of the relative brain weight for the 100 ppm group was significantly
increased in comparison to both_controls; however, this is believed to be of no
toxicologic importance for the same reason given under the section on organ
weight for the males. o

Gross Pathology

No biologically significant gross lesions which could be attributed to
treatment were found at the 6-, 12- or 18-month sacrifice intervals. Only a few
gross leslons were increased in frequency in treated animals at the final
sacrifice interval. At this latter interval, there was an increase in enlarged
adrenals in males exposed to 100 ppm of EO which were histologically confirmed
to be pheochromocytomas in this group. Also, gross splenic abnormalities which
were histologically confirmed to be mononuclear cell leukemia were present in
males and females exposed to 100 ppm of EO. However, the increase in gross lung
lesions in the females exposed to 100 ppm of EO for 24 months was associated
with a variety of unrelated histologic findings and was probably not a result of
treatment. Expected age-associated spontaneous gross lesions were seen in
control and treated animals at each sacrifice interval. All gross findings are
presented in more detail in the appropriate pathology reports contained in the
Appendices. '

Histopathology

Some treatment-related histologic changes were observed at the different
sacrifice intervals during this study. All pathologic findings are presented in
more detail in the appropriate pathology reports contained in the Appendices, of
which this section is a summary.

Splenic Hemosiderosis: The only histologic change after 6 months of expo-
sure which could be potentially treatment-related was an increase in splenic
hemosiderosis in female rats exposed to 100 ppm of ethylene oxide. However, in
the absence of anemia, bone marrow hyperplasia or enhanced spleen weights, this
finding was considered to be not biologically significant. Furthermore, there
was no increase in splenic hemosiderosis noted at the subsequent sacrifice
intervals of 12, 18 or 24 months. :
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Focal Fatty Metamorphosis of the Adrenals: An elevated frequency of focal
fatty metamorphosis of the adrenal cortices was first noted at 18 months in wale
rats exposed to 100 or to 33 ppm of ethylene oxide. After 24 months of expo-
sure, this same lesion was significantly elevated in both sexes exposed to these
same concentrations. The biological significance of focal fatty metamorphosis
of the adrenal cortex i{s not known.

Subcutaneous Fibroma: There was an increased prevalence of histologically
diagnosed fibroma in the subcutis of males in the 100 and 10 ppm groups after 24
months of exposure, statistically significant only at 100 ppm. Since the sub-
cutis is diffusely spread over the body, sampling sites for microscopic examina-
tion were influenced by the gross observation of tumors and lesions in the skin
and underlying subcutis. When a grossly evident tumor was observed in the skin
or subcutis, a tissue sample for histologic assessment of subcutis was submitted
from the tumor site in addition to the skin and subcutis from the flank region,
which was routinely submitted for microscopic examination. Consequently, the
sampling of the subcutis was influenced by the presence or absence of gross
lesions obviating the documentation of lesions too small to be grossly detected.
Considering the frequency of gross lesion in the skin and subcutis in assessing
the significance of the microscopic prevalence data, and the absence of this
finding in the 33 ppm males, it is concluded that the increased prevalence of
subcutaneous fibromas in the 100 ppm males represents an effect of treatment,
while the non-statistically significant increase in the 10 ppm males is a
spurious finding unrelated to treatment.

Mononuclear Cell Leukemia: An enhanced prevalence of mononuclear cell
leukemia was observed in the EO-treated animals at the 24-month sacrifice inter-
val (See Appendix XII, pages 16 and 17 for pathologic features of this
leukemia). More female rats were affected than the males. Statistical
significance was observed in only the 100 ppm female group; however, the
frequency for the females in the 33 and in the 10 ppm groups indicated a dose
response (Flgure 7-4). The prevalences for the female rats at this interval
were 58, 29 and 20% for the 100, 33 and 10 ppm groups, respectively, whereas the
prevalence for the control groups were 8 and 11%. Prevalences for male rats
were 30, 31 and 18% for the 100, 33 and 10 ppm groups, respectively. The
prevalences for the male control groups were 10 and 16%. In the males, one rat
in the 100 ppm group and two rats in the 33 ppm group were determined to have
mononuclear cell leukemia but did not have definitive splenic involvement.
[Note: A more detailed statistical evaluation of this neoplasm is presented in
the following section: “Frequency of Neoplasms that were Determined to be
Potentially Treatment-Related”.]

As noted in the "Routine Hematology with Leukocyte Differential Evaluation”
section (page 42), there was substantial agreement between the hematologic and
histologic evaluations confirming mononuclear cell leukemia. Furthermore, there
was agreement between elevated relative spleen weights (expressed as a
percentage of body weight) and histologic evaluation confirming leukemia. 1In
both sexes, at each concentration level, including the controls, the mean
relative spleen weight of the rats with leukemia was statistically significantly
higher than the mean of the rats without leukemia; an average of five times
higher in the males and approximately eight times higher in the females.
However, there was little difference in relative spleen weights among the
different concentration groups; i.e., in the rats with leukemia the means at 100
ppm, 33 ppm, 10 ppm, Cc-1 and C-11 were all similar.
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Peritoneal Mesothelioma: At the 24-month sacrifice interval, low frequen-
cies, between 2% and 4%, of mesothelioma of the peritoneum (listed under the
testis in Table 2, Appendix XII) in male rats were observed im both air control
groups and in the 10 ppm group. GHowever, the frequency for the 100 ppm group
was 13%, and that for the 33 ppm group was 10%. This enhanced prevalence in the
100 and 33 ppm groups 1s considered a treatment-related effect (See Appendix
%11, page 16, for pathologic features of mesothelioma). It is noted that
peritoneal mesothelioma was the principal histopathologic effect observed in the
male rats that died spontaneously, or were euthanatized when moribuad, in the
100 ppm group. [Note: A more detailed statistical evaluation of this neoplasm
is presented in the following section: “Frequency of Neoplasms that were
Determined to be Potentially Treatment-~Related”.]

Other Treatment-Related Effects: & significant increase in the frequency of
atrophy (mild) of gastrocnemius muscle (not neurogenic) was noted in both sexes
in only the 100 ppm group at the final sacrificeé interval. As there were o
gross lesioms observed in this tissue at any of the scheduled sacrifice
intervals, it was histologically examined only at the 6- and 24-month intervals.
At the final sacrifice interval, there was a statistically significant boue
marrow hyperplasia observed in female rats exposed to 100 ppm. This is believed
to be a response to the anemic effects of mononuclear cell leukemia.

No other treatment-related effects were discerned from evaluation of the

histologic data from the four scheduled sacrifice intervals or from animals that
died spoutaneously.
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Frequency of Neoplasms That Were Determined to be Potentially Treatment-Related

The frequencies of certain tumor types of several organs were selected fur
further statistical analysis. This selection was based on whether signifizanc
differences in prevalence of the tumors were observed at one of the scheduled
sacrifice intervals or if the proportion of all animals with the tumor, includ-
ing the ones that died, appeared greater in the EO-exposed groups than in the
controls.

Peto (1974) stated that a sharp distinction should be made between
"incidental®” tumors (discovered at the necropsy of a rat which died probably of
something else) and “non-incidental” tumors (types of tumors that could or
probably did cause death in the rat). Because different statistical methods are
appropriate for analyzing the data from these two categories of tumors, tumors
in this study were classified "incidental” or "non-incidental”.

The following “non-incidental” tumors were statistically analyzed using a
1ife table method of analysis: mononuclear cell leukemia (males); mononuclear
cell leukemia (females); peritoneal mesotheliomia (males) and pituitary adenoma
(males and females). This method of analysis takes into account all animals on
the study, whether the animal died or was sacrificed at a scheduled interval or
whether it was or was not (i.e., lost to follow-up) histologically examined.
Pituitary adenoma was included in the statistical analyses of incidental and
"non-incidental™ tumor types because of its anatomical location.

For the types of tumors that were "incidentally” found either because the
animal died or was sacrificed but the tumor was not the primary cause of death,
the 1ife table results are presented, but the statistical comparisons were made
by a method described by Gart et al. (1979). The incidental tumors evaluated
were the following: adrenal pheocromocytoma (males); pancreas islet cell
adenoma (males); thyroid follicular adenoma (males); and testes interstitial
cell tumor (males). [Note: Pituitary adenoma was also analyzed by this method.]

Additional statistical tests for positive trends were also used (Thomas et
al., 1977; Gart et al., 1979). Time-adjusted trend test analyses were performed
to compensate for bias associated with differential mortality in the various
treatment groups. The adjusted analyses are sensitive not only to differences
in relative tumor frequencies among groups but also to the time of observation
of the tumors. Thus, the trend test indicates not only whether the treatment
results in more tumors but also earlier tumors. Since some of the tumors in
this study were detected at death, the assumption must be made that the tumor
caused the death of the animal for these statistical trend tests to be valid.
Furthermore, for the types of tumor compared, when they were found in rats
sacrificed for examination, it was assumed that the rat "died” at that time
because of the tumor. Therefore, the trend analysis was not applied to tumors
which were only “incidental™ findings at the death of the animals (Gart EE.El"
1979). The following tumor types of the EO-treated and control groups were
compared using this statistical test for positive trend: mononuclear cell
leukemia (males and females), peritoneal mesotheliomia (males), and pituitary
adenoma (males and females).

A summary of the total number of "non-incidental” tumors for each- group,
along with the time before the development of the first tumor and the median
time to tumor are presented in Table 35. Caution must be taken in evaluating
all tumor frequency data, particularly for the incidental tumors. As before
mentioned, Peto (1974) has stated that "death causes the necropsy of the dead
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Table 35 .
Summary of Selected Tumor Incidence Comparisons for Male and Female Rats
Exposed to Ethylene Oxide for Two Years

Concentration Time, Months to
Ethylene Oxide, Total No. of Rats First Median
ppm With Tissues Examined With Tumor Tumor Tumor
Mononuclear Cell Leukemia - Males
100 119 26 19 24
33% 81 25 13 25
10* 79 21 20 25
0-1 116 20 18 23
o-11 118 18 21 25
Mononuclear Cell Leukemia - Females
100 113 ‘ 28 18 24
33* 79 24 18 24
10* 77 14 19 25
0~-1 118 9 19 24
0-11 117 . 13 18 23
Peritoneum Mesothelioma - Males
100 119 | 22 15 23
33% 91 ' 7 - 18~ 25
10* 89 3 20 -
01 114 2 18 -
0-11 116 2 20 -
Pituitary Adénoma - Males
100 117 27 15 25
33% 79 16 15 25
10%* 80 27 18 25
0-1 117 28 17 25
0-I1 117 22 18 25
Pituitary Adenoma - Females

100 117 32 10 24
33% 90 38 17 25
10% 90 39 16 24
0~-1 119 38 15 25
0-I1 116 38 18 25

*Only organs with gross lesions were histologically examined from this
exposure level at the 6-, 12- and 18-month sacrifice intervals.

lvedians were not presented if the total number of particular tumor was 3 or
less.

WPC/1087-6
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animals to occur, and, if an otherwise unsuspected tumor is discovered at
necropsy, then the death of the animal caused the discovery of that tumor.”
Consequently, if some factor other than the presence of the tumor was involved
in the cause of the animal's death, and if in one or more groups (e.g., 100 ppm
and 33 ppm) there is significant increase in mortality, then the time to tumor,
median time to tumor, and the statistical frequency analysis at different time
periods other than at scheduled sacrifice periods are probably inaccurate.

Compiled in Appendix XIV, Tables A-72 through A-80 are the life table
analysis data used in determining the cumulative proportions of rats developing
the tumor for each "non-incidental” and "incidental” tumor types compared above.
Presented in Figures 8 through 16 are graphs illustrating, for each of these
tumors, the cumulative proportion of rats developing the tumor for each exposure
month. Table 36 is a summary of the results from the life table analysis with
the statistically significant differences indicated for each of the
“"non—-incidental” tumor types.

Males, Mononuclear Cell Leukemia: (Table A-72 and Figure 8). Three rats
with leukemia were observed in the 33 ppm group before the first observation of
this tumor in the control or in the other EQ-exposed groups.

The value of the cumulative percentage of males developing the tumor was
higher in the 100 ppm group when compared to one or both control groups from the
23rd exposure month until and including the termination of the study. It was
not until the 25th month that the value for the 33 ppm group was elevated (not
statistically significant). The final cumulative percentages of the rats at
risk developing this tumor were 61, 55 and 41% for the 100, 33 and 10 ppm
groups, respectively, and 36 and 407 for the two control groups. The
mortality-ad justed trend analysis resulted in a significant trend with respect
to EO treatment (p < 0.01). This result indicates that exposure to ethylene
oxide was associated with higher frequency and/or earlier observation of this
leukemia in male rats.

Females, Mononuclear Cell Leukemia: (Table A-73 and Figure 9). The time to
the Tirst tumor was the 18th month for the 100 ppm, 33 ppm and Air Control 1I
groups. From the 22nd month until the termination of the study, the value of
the cumulative percentage developing the tumor in the 100 ppm group was
numerically higher than the values of both controls and significantly different
at the 24th and 25th exposure months. The value of the 33 ppm group was
significantly higher than the values of one control and the values for the
combined controls for the 24th and 25th months. At the termination of the
study, the values of the cumulative percentage developing the tumor were 79, 50,
36, 21 and 28% for the 100 ppm, 33 ppm, 10 ppm, Air Control 1 and Air Control II
groups, respectively. The prevalence of leukemia at the final sacrifice
interval appeared to be related to dose at each exposure level (Figure 7-A). The
regression analysis of final sacrifice tumor frequency Vvs. exposure concen-—
tration data was significant (p < 0.01), and the correlation coefficient (r) was
+0.99 which indicates .that the effect was highly correlated to the treatment at
each exposure level. Furthermore, there was a significant positive
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Table 36
Summary of “Non-Incidental” Tumor Prevalence
with Statistical Comparisons for Rats Exposed to Ethylene Oxide for Two Years

Exposure v “Exposure Concentrations Controls*
Month 100 ppm 33 ppm 10 ppm - 0 ppu-l 0 ppm-II O0-I & O-II
Cumulative Percentage! of Rats with Mononuclear Cell Leukemia - Male
13 1
14 1
15 2
16 2
17 3
18 3 2 1
19 1 k] 2 1
20 3 5 3 4 2
21 6 8 4 6 3 5
22 -6 11 5 11 3 7
23 18(=»,3,") 14 8 15(-,b)  3b,- 9
24 24 ‘ 16 14 18 7 12
25 61 '55 41 36 40 38
(N2) (119) (81) K (79) (116) (118) (234)
Cumulative Percentagel of Rats with Mononuclear Cell Leukemia - Female
18 1 1 1 1
19 1 4 1 1 1 1
20 3 6 1 1 4 3
.21 5 7 1 1 6 3
22 o -7 1 1 T8 3
23 13 10 . 4 4 10 7
24 44(e,b,¢)  26(a3,-,2) 12 8 14 10
25 79(c,e,¢)  50(8,7,3) 36 , 21 28 24
(Nz) ‘ (113) (79) (77) (118) (117) (235)
Cumulative Percentage1 of Rats with Peritoneal Mesothelioma - Male
15 1
16 1
17 1
18 5 1 1 1
19 5 1 1 1
20 8 1 1 1 1 1
21 12(a,a,a) 1 1 1 1 1
22 12(a,a,a) 3 1 1 1 1
23 19(b,b,c) 3 1 1 1 1
24 23(c,c,¢) 3 1 1 1 1
25 47(e,c,¢) 22 8 5 5 5
(N2) (119) (91) (89) (114) (116) (230)

(Continued)
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Table 36 (Continued)
Exposure Exposure Concentrations lontrols®
Month 100 ppm 33 prm 10 ppm 0 pnm~-I 0 ppm-I1I O©-1 & 0-I1I
Cumulative Percentagel of Rats with Pituitarv Adenoma - :ale
15 2 1
16 2 1
17 2 1 "1 )
18 8 1 1 6 4 5
19 8 1 1 6 4 3
20 9 1 2 7 4 5
21 11 1 -4 7 5 6
22 11 3 8 8 5 7
23 13 3 -8 10 6 8
24 17 3 i 13 6 10
25 - 64 48 55 56 47 51
(N2) (117) (79) (89) (114) (11¢6) (230)
Cumulative Percentagg} of Rats with Pituitary Adenoma - Female
10 1
11 1
12 1
13 2
14 2
i5 3 : 1 - 1
i 4 1 1 1
17 4 1 2 1 1
18 10 7 7 2 1 2
19 11 8 11 2 3 2z
20 i3 8 11 4 9 6
21 16(a,-,") 10 11 4 11 7
22 22(b,=3) 11 11 4=»a i2(a.") 8
23 - 24 16 17 9 15 12
24 42(2,-,a) 26 26 20 27 23
25 ' 75 7 71 71 70 71
(N2) (il17) (90) (80) (119) (116) (23%)
2 = 0.03>p > 0.01 b=0.01 >p2> 0.00I ¢ =p < 0.C0L

First letter of superscript denotes degree of s‘gnirlgance vs. Air Control 1 (9
ppm-I); second letter denotes degree of significance vs. Air Control II (9 ppm-iII);
third letter denotes degree of significance vs. combined control groups (0 ppe~-I plus
0 ppm-1I1). Bracketed superscrfpts denote values significantly higher than those of
control greurs.

lpetermined by Life Table analysis

2(\Z) = Tissues exanined from this number of racs. Oniy g*oss lesicns, 2ot all
tissues, were examined frem the 33 and 10 pom groups at 6, 12 and 18 monchs cf
expcosure.

*Contro. groups combined

e et = = e Tem e = e

LA
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Figure 7-A
PERCENTAGE OF MALE AND FEMALE RATS WITH
HISTOLOGICALLY CONFIRMED MONONUCLEAR
80 - CELL LEUKEMIA AT 24-MONTH SACRIFICE
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trend noted for the EO-exposed females when the tumor proportions were not
adjusted for early mortality (p < 0.01). The trend became even stronger (p <
0.00001) when the proportions were ad justed. These data suggest that exposure
to EO not only increased the total incidence of this leukemia but also
accelerated its rate of development. ‘

Males, Peritoneal Mesothelioma: (Table A-74 and Figure 10). The first
peritoneal mesothelioma was observed in the 100 ppm group approximately three
months before a tumor of this type was noted in either control group; however,
it is noted that the principle cause of death of this rat from the 100 ppm group
was not mesothelioma. The median time to tumor was the 23rd exposure month for
the 100 ppm group and the 25th month for the 33 ppm group. There was only a
total of two peritoneal mesotheliomas for each air-control group; consequently,
no median time to tumor was calculated for these groups. From the 2lst exposure
month until the termination of the study, the value of the cumulative percentage
developing this tumor in the 100 ppm group was statistically significantly
higher than those of both control groups. The cumulative percentage value of
the 33 ppm group was not appreciably higher than those of the controls until the
last month. The cumulative percentages of the rats having peritoneal mesotheli-
oma at the termination of the study were 47, 22 and 8% for the 100 ppm, 33 ppm
and 10 ppm groups, respectively, whereas the value for both control groups was
S%. At the 24~month sacrifice interval, similar treatment-related effects were
observed. Moreover, the trend analysis results indicate an unequivocal rela-
tionship (p < 0.0001) between exposure to EO and the induction of peritoneal
mesothelioma. '

Males, Pituitary Adenoma: (Table A-75 and Figure 11). The first pituitary
adenomas appeared at 15 months in the 100 and 33 ppm groups, whereas, the first
tumor of this type did not appear until the <7th or 18th month in all other
groups. The prevalence of this tumor observed both in the 100 ppm and in one of
the control groups was not gppreciably different throughout the study. However,
the occurrence of a significant positive trend (p < 0.01) indicates that the
normal prevalence of pituitary adenomas in the male rats was accelerated by
exposure to ethylene oxide (as before in other trend analyses, assuming that the
tumor caused the early death of the rats). At the final sacrifice interval,
only the prevalence in the 100 ppm group was elevated (not statistically
significant) in comparison to the other groups.

Females, Pituitary Adenoma: (Table A-76 and Figure 12). The first pitui-
tary adenoma in the females was noted in the 100 ppm group at the 10th month,
5 months earlier than in either control group. At the 2lst, 22nd and the 24th
month, the 100 ppm group cumulative percentage incidence of this tumor was
statistically significantly higher than those of one control or the combined
controls. However, after including the relatively high incidences of pituitary
adenomas for all groups at the final sacrifice interval, the final cunmulative
indexes were all almost identical. At no time was there a significant eleva-
tion in this tumor in the 33 ppm group. -

The results of the trend analyses for pituitary adenomas for the female rats
were similar to those for the males except that the probability was < 0.0001,
highly significant.
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Incidental Tumors: There were no statistically significant differences
(Table 37) in the trequency for any of the selected tumors classified as
incidental including pituitary adenoma when the data were analyzed by the Gart
method. The data for these selected tumors are presented as follows: adrenal
pheochromocytoma, males == Table A-77 and Figure 13; pancreas islet cell
adenoma, males — Table A-78 and Figure 14; thyroid follicular adenoma, males. —
Table A-79 and Figure 15; testes interstitial cell tumor, males -- Table A-E0
and Figure 16.

Consequentially, any differences in frequency noted in comparison to con-
trols of these tumor types are not considered to be related to treatment. How-
ever, it is noted that the cumulative percentage of rats with thyroid follicular
adenoma in the males of the 100 ppam group was appreciably higher than any other
group mainly because of the increased proportion (not statistically significant)
of rats with this tumor found at the final sacrifice period.

Proportion of Animals with Neoplasms

The number of rats with a primary neoplasm(s) (one or more) and the nuaber
with a malignant neoplasm(s) (one or more) for each group is presented in Table
38 for moribund and dead rats and those killed at the 18~ and 24~-month sacrifice
intervals. TFor the male rats, no significant differences were noted, and, at
the 24-month sacrifice interval, the frequencies were similar for all treataent
levels. In general, most of the rats (75% or more) from each group had at least
one neoplasm. However, it was observed that there were more neoplasms per rat
in the 100 ppm group at this sacrifice interval. The mean-number of neoplasms
per neoplasm~bearing rat was 4.2 for the 100 ppm group, whereas it was approxi-
mately 3.2 for all other groups (Appendix XII, Table 5). The statistical
significance of this is noted in the analysis of the number of rats with 2 or
pore or 3 or more primary neoplasms. These values of the 100 ppm group were
significantly higher than those of the controls, as indicated in Table 39. The
number of males with malignant neoplasas was not affected by treatment (Table
39). (NOTE: It is recognized that tabulation of neoplasms and malignant
neoplasms may be performed by the two different ways as indicated in Tables 39
and 40. It is our recommendation that primary neoplasms of the same type within
one organ be tabulated separately and that a liver neoplastic mnodule not be
tabulated as a malignant neoplasm but as a neoplasm.)

For the female rats, no significant differences were observed for the number
of rats with one or more primary neoplasms in the moribund and dead rats and in
those killed at the 18-~ and 24-month sacrifice intervals. However, elevated
values for the mean number of neoplasms per neoplasm-bearing rat were noted in
the EO-treated animals. These values for the 100, 33 and 10 ppm groups were
2.2, 1.7 and 1.8, respectively, whereas for the controls they were 1.3 and 1.4.
This is supported by the finding that the nunber of female rats in the 100 ppm
group with 2 or more and 3 or more primary neoplasas was significantly higher
than those of both controls (Table 40). Moreover, when the data of two control
groups were combined (both groups were similar) and statistical comparisons were
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SUMMARY AND CONCLUSIONS

Prior to the final sacrifice, a depression in the rate of body weight gain
and an increased mortality were the major effects noted in the groups of Fischer
344 rats exposed to 100 or 33 ppm of ethylene oxide by the inhalation route. At
no time was there an effect noted for these parameters in the rats of the 10 ppm
exposure group. Based on the body weight data, female rats were adversely
affected earlier and at a lower exposure concentration level (33 ppm) than the
male rats. During an outbreak of viral sialodacryoadenitis (SDA) in the 15th
exposure month, more rats died in the 100 and 33 ppm groups than in the other
groups; the mortality rate was greater in the female rats. Following clinical
recovery from the SDA infection, an increased mortality occurred in both sexes
of the 100 and 33 ppm groups. There was no histologic evidence linking the
cause of death to the SDA virus infection.

Special studies were performed during the present two-year study to provide
additional information for areas in which effects had previously been reported,
primarily from acute studies. Embree and Hine (1975) observed an increase in
several types of chromosomal aberrations in rat bone marrow cells after
inhalation exposure to 250 ppm of EO for 7 hours per day for 3 days. In the
present study, no treatment-related differences in chromosomal aberrations of
bone marrow cells were noted in rats exposed to 100 ppm EO for 12 months.
Hollingsworth, et al., (1956) reported eye irritation in acute {nhalation
exposures to lethal concentrations of EO. In the present study, no
treatment-related ophthalmologic lesions were observed. Blood clotting time was
evaluated in the present study because Reyniers, et al., (1964) reported that an
increase in this parameter in mice was related to the use of EO-sterilized
bedding material. However, no alteration in blood clotting time was observed
through 18 months of exposure (which was the last evaluation interval for this
parameter). -

At the 6-, 12-, and 18-month sacrifice intervals, there were no consistent
patterns of association of any alteration in urinalysis or hematology or serum
clinical chemistry or organ weight with histologically confirmed organ damage.
The only noteworthy result was a slight depression in erythrocyte count and
hemoglobin value in the female rats of the 100 ppm exposure group. Since this
effect occurred at both 12 and at 18 months and because hemoglobin values were
depressed in the preliminary 8-week rat inhalation study, this finding appears
to be a treatment-related effect. BHowever, without supportive evidence, i.e.,
depression of hematopoiesis or increased destruction of red blood cells, the
cause of this effect remains unknown. A few other isolated significant
differences were observed in the clinical pathologic evaluation, but the
toxicologic importance of these is also unknown.

Hollingsworth (1956) reported testicular atrophy in rats exposed to 200 ppm
of EO for 196 days; however, for 12 months of exposure at 100 ppm’in the present
study, no histopathologic changes associated with treatment were noted in the
testes. After this time period, because of the normally high prevalence of
preneoplastic lesions in the testes of the Fischer 344 rat, no meaningful
interpretation of the testicular organ weight and subtle histopathologic
alterations are possible. Both Jacobson (1956) and Hollingsworth (1956)
reported hind-limb weakness and muscular atrophy in rats exposed to
approximately 400 ppm for 6 weeks. In the present study, the hind-limb 1lift
reflex test was used in an attempt to evaluate this reported functional change.
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While no funcciohal changes were observed throughout the study, mild skeletal
muscular atrophy (not neurogenic) was histologically confirmed after two years
of exposure toO 100 ppu of EO.

As early as 18 wmonths, and also at the final sacrifice, exposure to EO was
related to an increased prevalence of spontaneous, age-associated adrenal
cortical fatty metamorphosis; however, the biological significance of this
finding is not known. No other histologic lesions at any of the scheduled
necropsy intervals were related to EO exposure except for the neoplastic lesions
noted at the final sacrifice interval. No common cause was determined which
would explain the treatment-related deaths for either sex except for an
{ncreased prevalence of “son-incidental” neoplasms. Based on histologic
evaluation of the animals that died and animals that were gsacrificed, it was
established that the prevalence of two "non-incidental” malignant neoplasms,
viz., mononuclear cell leukemia and peritoneal mesothelioma, were increased
because of exposure to EO. At the final sacrifice {nterval, the prevalence of
this leukemia in female rats was dosage related and increased for each of the
three EO exposure concentrations. The type of leukemia was the unique
mononuclear cell leukemia characteristic of Fischer-344 rats (Davey and Moloney,
1970; Moloney et al., 1970) and not one of the lymphoid leukemias common in
other strains and stocks of rats. The prevalence of peritoneal mesothelioma was
treatment related in only the 100 and 33 ppm male exposure groups. These
peritoneal neoplasms originated on the testicular mesothelium and were confined
to the abdominal cavity. This neoplasm in this location occurs spontaneously in
low incidence in male Fischer 344 rats as well as in other rat strains and
stocks (Gould, 1977; Berman and Rice, 1979). An increase in the cumulative
percentage of pituitary adenoma was also noted in the females of the 100 ppm
group beginning at the 2lst exposure month. However, the cumulative percentage
value for both controls {increaged to the approximate percentage level of the 100
ppm group by the end of the study. Therefore, since the time to the first tumor
was much earlier in the 100 ppm female group, it is possible -that this earlier
significant difference indicated that the normal incidence of this neoplasm was
. accelerated by exposure to EO.

At the final sacrifice interval, the number of neoplasms per neoplasm-
bearing rat was elevated, especially in the EO~treated female rats. This was
also demonstrated by the fact that the frequencles among female rats with more
than 2 neoplasms were significantly greater for all three exposure
concentrations when compared to the combined controls. A significant increase
{n the number of rats with malignant neoplasms was noted in the females only.
This effect was observed in the 100 and the 33 ppm exposure groups.

It is not known what influence the SDA virus infection had on the outcome of
this study. However, based on mortality ratios, clinical pathology results and
histologic findings, 1t does appear that the virus had little or no effect on
the health status of the air control groups following the "recovery” period.
Most importantly, the prevalences in the controls, at the final sacrifice
{nterval, of mononuclear cell leukemia, peritoneal mesothelioma and pituitary
adenoma were similar to those reported in the literature for the Fischer 344 rat
(Goodman, et al., 1979). A comparison of the prevalence values for the combined
air control groups of the present study (BRRC) to those compiled by Goodman et
al., on nearly 1800 control rats, is as follows:
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> <TOX CONCERN>

H

> <COMMENT>

A TWO YEAR ONCOGENICITY STUDY IN RATS IS OF HIGH CONCERN. ANIMALS
(120/SEX/GROUP) WERE EXPOSED VIA INHALATION TO 10 PPM, 33 PPM, OR
100 PPM TEST MATERIAL FOR 6 HOURS/DAY, 5 DAYS/WEEK. THERE WERE
TWO CONTROL GROUPS EXPOSED SIMILARLY TO ATIR ONLY. EXPOSED ANIMALS
SHOWED INCREASED INCIDENCE OF MONONUCLEAR CELL LEUKEMIA, WITH A
DOSE-DEPENDENT RESPONSE IN FEMALES. FEMALES AT ALLL THREE LEVELS
ALSO SHOWED AN INCREASE IN THE NUMBER OF ANIMALS WITH MORE THAN 2
NEOPLASMS. THE NUMBER OF FEMALES WITH MALIGNANT NEOPLASMS WAS
INCREASED AT 33 PPM AND 100 PPM. THE FREQUENCY OF PERITONEAL
MESOTHELIOMA WAS INCREASED IN MALES AT 33 PPM AND 100 PPM. THE
TOTAL INCIDENCE OF PITUITARY ADENOMA WAS NOT INCREASED COMPARED TO
CONTROLS, BUT THE ONSET OF PITUITARY ADENOMA WAS ACCELERATED IN
HIGH DOSE FEMALES. STATISTICAL ANALYSIS IS INCLUDED IN THE
SUBMISSION.
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